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฀w฀a฀s฀ ฀i฀n฀v฀a฀r฀i฀a฀n฀t฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀ ฀i฀n฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n s฀ ฀i฀n฀i฀t i a t e฀d฀ ฀f฀r฀o฀m฀ ฀2฀0฀ ฀W฀,฀ ฀b฀u฀t฀ G฀P฀ i n c r e a฀s e d  w i t฀h฀ ǻ฀W฀R  ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀5฀1  
฀M฀o฀d฀e฀l฀i฀n฀g฀ ฀t฀h฀e฀ ฀s฀u฀m฀m฀e฀d฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀m฀u฀l฀t฀i฀p฀l฀e฀ ฀m฀u฀s฀c฀l฀e฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀r฀e v a l฀e฀d  ฀t฀h฀a฀t฀ Ĳ฀V%cO2฀p ฀c o฀u฀l d  ฀5฀2  
฀a฀p฀p฀e฀a฀r฀ ฀f฀a฀s฀t฀ ฀(฀2฀4฀s฀)฀,฀ ฀a฀n฀d฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀t฀o฀ in vivo฀ ฀m฀e a s฀u฀r฀e฀m e n t s  ( 2 2 ± 6฀s฀)฀,฀ ฀d฀e฀s฀p฀i฀t฀e฀ ฀b฀e฀i฀n฀g฀ ฀d฀e฀r฀i฀v฀e฀d฀ ฀f฀r฀o฀m฀ ฀5฀3  
Ĳ฀V%c฀O฀2฀m ฀v฀a฀l฀u฀e฀s฀ ฀r฀a฀n฀g฀i฀n฀g฀ ฀1฀5฀-฀4฀0฀s฀ ฀a฀n฀d฀ Ĳ฀Q%cm฀ ฀r฀a฀n฀g฀i n g฀ ฀2฀0฀-฀4฀5฀s  s฀u฀g฀g฀e฀s฀t฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀w฀i฀t฀h฀i฀n฀ ฀t฀h฀e฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀5฀4฀ 
฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀d฀o฀m฀a฀i฀n฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%cO฀2 p฀ k i฀n฀e t฀i฀c฀s฀ ฀a฀r฀e฀ ฀s฀l฀o฀w฀e฀d฀ ฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀o฀n฀ t h e  p฀r฀e฀-฀t฀r฀a฀n฀s฀i t i฀o฀n W฀R฀,฀ ฀a฀n฀d฀ ฀a฀r฀e ฀5฀5  
฀s฀t฀r฀o฀n฀g฀l฀y฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀d฀ ฀b฀y฀ ฀m฀u฀s฀c฀l฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ a฀n฀d฀ ฀c i r c u l a t฀o฀r฀y฀ ฀h฀e฀t฀e฀r฀o฀g฀e n฀e฀i฀t฀y฀.฀ ฀ ฀5฀6  
฀ ฀5฀7
 ฀5฀8฀ 
฀4฀ 
฀ 
฀ 
,QWURGXFWLRQ฀5฀λ฀ 
฀A฀f฀t฀e฀r฀ ฀a฀ ฀s฀t฀e฀p฀-฀c฀h฀a฀n฀g฀e฀ ฀i฀n฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t y  e฀x฀e฀r c i s e  w o r k฀ ฀r฀a฀t฀e฀ ฀(฀WR )  ฀(฀i฀. e฀. ,  b e l o w  t h฀e฀ ฀l฀a฀c฀t฀a฀t฀e฀ ฀6฀0฀ 
฀t฀h฀r฀e฀s฀h฀o฀l฀d฀)฀,฀ ฀p฀u฀l฀m฀o฀n฀a฀r฀y฀ ฀O฀2฀ ฀u p t a฀k e฀ ฀(฀V%c฀O2 p)฀ ฀i n c r e a s e฀s฀ ฀i฀n฀ ฀a฀n฀ ฀e฀x฀p฀o฀n฀e฀n฀t฀i฀a฀l฀-฀l฀i฀k฀e฀ ฀m฀a฀n฀n฀e฀r฀ ฀t฀o฀w฀a฀r฀d฀s฀ ฀a฀ ฀n฀e฀w฀ ฀6฀1  
฀s฀t฀e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀ ฀O2฀ r฀e฀q฀u฀i฀r฀e฀m฀e฀n฀t฀ ฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ ฀a฀ ฀b฀r฀i฀e฀f฀ ฀c฀a฀r฀d฀i฀o฀d฀y฀n฀a฀m฀i฀c฀ ฀p฀e฀r฀i฀o฀d฀ ฀(฀p฀h฀a฀s฀e฀ ฀I฀)฀.฀ ฀Th e  e x฀p฀o฀n฀e฀n฀t฀i฀a฀l฀ ฀6฀2  
฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ ฀V%c฀O฀2฀p ฀(฀p฀h a s e฀ ฀I฀I฀)฀ ฀i฀s฀ ฀c฀l฀o฀s฀e฀l฀y฀ ฀a฀s฀s฀o฀c฀i฀a฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀d฀y฀n฀a฀m฀i฀c฀ ฀a฀d฀j฀u฀s฀t฀m฀e฀n฀t฀ ฀of  k e l e t a l  ฀m u s c l e  ฀6฀3  
฀V%c฀O฀2฀ ฀(฀V%cO฀2฀m)฀ ฀(฀B฀a฀r฀s฀t฀o฀w฀ et l.฀ ฀1฀λ฀λ฀0฀;฀ ฀G฀r฀a฀s฀s฀i฀ et al.฀ ฀1฀λ฀λ฀6฀;฀ ฀K฀r฀u฀s฀t฀r฀u฀p฀ et al.฀ 2 0 0฀λ฀)฀ ฀a฀n฀d฀ ฀i฀s฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀z฀e฀d฀ ฀6฀4  
฀b฀y฀ ฀b฀o฀t฀h฀ ฀i฀t฀s฀ ฀r฀a฀t฀e฀ ฀(฀q฀u฀a฀n฀t฀i฀f฀i฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀t฀i฀m฀e฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀f฀o฀r฀ ฀V%cO฀2 p [Ĳ V%c฀O2฀p]฀)฀ ฀a฀n฀d฀ ฀a฀m p l i t u d e  ฀( q u a n t i฀f฀i฀e฀d  ฀b y  ฀6฀5  
฀t฀h฀e฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀a฀l฀ ฀V%c฀O฀2฀p ฀g฀a i฀n฀ ฀[฀G฀P μ  ∆ V%c฀O2฀p¨ W R฀]฀)฀ ฀(฀W฀h฀i฀p฀p฀ et al.฀ ฀1฀λ 8 2 )฀.฀ ฀6฀6  
฀D฀u฀r฀i฀n฀g฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀a฀ ฀c฀o฀m m฀o฀n฀,฀ ฀l฀o฀w ,฀ ฀b a s e฀l฀i฀n฀e฀ ฀W฀R฀,฀ ฀b฀o฀t฀h ฀p h a s e  I I  Ĳ V%cO฀2฀p a n d฀ ฀GP  ฀6฀7฀ 
฀a฀r฀e฀ ฀i฀n฀v฀a฀r฀i฀a฀n฀t฀,฀ ฀a฀n฀d฀ ฀i฀n฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀u฀b฀s฀e฀q฀u฀e฀n฀t฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s i t y  ฀W R฀ ฀p฀e฀r฀f฀o฀r฀m e d  ฀(฀Ö z y e e r  et ฀6฀8  
al.฀ ฀2฀0฀0฀1฀;฀ ฀S฀p฀e฀n฀c฀e฀r฀ et al.฀ 2 0฀1฀3฀) .  ฀T฀h฀i฀s฀ ฀k฀i฀n฀e฀t฀i฀c฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀ ฀i฀m฀p฀l฀i฀e฀s฀ ฀t฀h฀a฀t฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%cO฀2 p k i n e t฀i฀c฀s฀ ฀a฀r฀e฀ ฀6฀λ฀ 
฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀ ฀t฀o฀ ฀a฀ ฀f฀i฀r฀s฀t฀ ฀o฀r฀d฀e฀r฀ ฀r฀at e  r e a c t i o n฀;  s p c i f i฀c฀a฀l฀l฀y฀,฀ ฀l฀i฀n฀k฀e฀d,  t o  m฀ t o c h฀o฀n฀d฀r฀i฀a l฀ ฀A D฀P฀ ฀f฀e฀e฀d฀b฀a฀c฀k฀ ฀7฀0  
฀(฀R฀o฀s฀s฀i฀t฀e฀r฀,฀ ฀2฀0฀1฀1฀;฀ ฀W฀ü฀s฀t฀ et al.  2 0 1 1 ) .฀ ฀H฀o฀w e฀v฀e฀r฀,฀ ฀w฀h฀e฀n฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀i฀s฀ ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀a฀ ฀r฀a฀i฀s฀e฀d฀ ฀b฀a฀s฀e฀li n e  ฀7฀1  
฀W฀R฀ ฀a฀n฀d฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀,฀ ฀V%cO฀2฀p k฀i n e t i c s฀ a฀r e฀ ฀s฀l฀o฀w฀e฀d฀μ฀ ฀b฀o฀t฀h฀ Ĳ฀V%c฀O2 p฀ a n d  GP฀ a฀r e  i฀n c r e a s e฀d฀ ฀(฀B฀r฀i฀t฀t฀a฀i฀n฀ et ฀7฀2  
al.฀ ฀2฀0฀0฀1฀;฀ ฀M฀a฀c฀P฀h฀e฀e฀ et al.฀ 2฀0฀0฀5฀;  S฀p฀e฀n฀c฀e฀r฀ et al.฀ 2 0 1 1 ;  B฀o฀w฀e฀n฀ et al.  ฀2฀0฀1฀1฀;฀ ฀W฀i฀l฀l฀i฀a฀m฀s฀ et al.฀ 2฀0฀1฀3 ;฀ ฀7฀3฀ 
฀K฀e฀i฀r฀ et al.฀ 2฀0฀1฀4฀)฀.฀ ฀T฀h฀i฀s฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀ ฀w฀a฀s฀ ฀s฀u฀g฀g฀e฀s฀t฀e฀d฀ ฀t฀o฀ ฀b฀e฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀ ฀t฀h฀a฀t฀ ฀V%c฀O฀2฀p k i฀n฀e t i฀c฀s฀ ฀d฀o฀ ฀n฀o฀t฀ ฀c฀o฀n฀f฀o฀r฀m  ฀7฀4  
฀t฀o฀ ฀a฀ ฀f฀i฀r฀s฀t฀ ฀o฀r฀d฀e฀r฀ ฀r฀a฀t฀e฀ ฀r฀e฀a฀c฀t฀i฀o฀n฀ ( R฀o฀b฀e฀r฀g฀s฀,฀ ฀2฀0 1 4 ) .  H o w฀e฀v฀e฀r฀,฀ ฀o฀t฀h฀e฀r฀s i n t e r p r e฀t฀e฀d฀ ฀t฀h฀i฀s฀ ฀k฀i฀n฀e฀t฀i฀c฀ ฀s฀l฀o฀w฀i฀n฀g฀ ฀t฀o฀ ฀7฀5  
฀b฀e฀ ฀r฀e฀f฀l฀e฀c฀t฀i฀v฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀p฀r฀o฀p e r t฀i฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀c฀t฀i฀v฀a฀t฀e฀d฀ ฀m u s c u฀l฀a฀t u฀r e  (฀B฀r฀i฀t t a฀i฀n฀ et al.  2 0฀0฀1 ) ,  ฀7฀6  
฀w฀h฀e฀r฀e฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀ ฀f฀i฀b฀e฀r฀s฀ ฀o฀p฀e฀r฀a฀t฀e฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀a฀ ฀f฀i฀r฀s฀t฀-฀o฀r฀d฀e฀r฀ ฀A฀D฀P฀-฀f฀e฀e฀d฀b฀a c k  ฀r฀e฀a฀c฀t i o n฀,  ฀b฀u฀t  w h฀e฀r฀e฀ ฀7฀7  
฀m฀i฀t฀o฀c฀h฀o฀n฀d฀r฀i฀a฀l฀ ฀v฀o฀l฀u฀m฀e฀-฀d฀e฀n฀s฀i฀t฀y฀ ฀d฀i฀f฀f฀e฀r฀s฀ ฀a฀m฀o฀n฀g฀ ฀t฀h฀e฀ ฀a฀c฀t฀i฀v฀a฀t฀e฀d฀ ฀m฀u฀s฀c฀l฀e฀ ฀f฀i฀b฀e฀r฀s฀ ฀(฀R฀o฀s s i฀t฀e฀r ,  2 0 1 1 ) .  I n  ฀7฀8  
฀o฀t฀h฀e฀r฀ ฀w฀o฀r฀d฀s฀,฀ ฀p฀r฀e฀f฀e฀r฀e฀n฀t฀i฀a฀l฀ ฀a฀c฀t฀i฀v฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀h฀i฀g฀h฀l฀y฀ ฀o฀x฀i฀d฀a฀t฀i฀v฀e฀ ฀m฀u฀s฀c฀l฀e฀ ฀f฀i฀b฀e฀r฀s฀ a t฀ ฀l฀o฀w  b a s e l i n e  W฀R฀ ฀w฀i฀l฀l฀ ฀7฀λ  
฀h฀a฀v฀e฀ ฀i฀n฀h฀e฀r฀e฀n฀t฀l฀y฀ ฀f฀a฀s฀t฀e฀r฀ ฀V%cO฀2฀p k i n e฀t i c฀s  t h a฀n฀ ฀l฀e฀s฀s฀-฀o฀x฀i฀d฀a฀t฀i฀v฀e฀ ฀f฀i฀b฀e฀r฀s฀ ฀a฀c฀t฀i฀v฀a฀t฀e฀d฀ ฀a฀t฀ ฀h฀i฀g฀h฀e฀r฀ ฀w฀o฀r฀k฀ ฀ra t e s ;  y t  ฀8฀0  
฀w฀i฀t฀h฀i฀n฀ ฀e฀a฀c฀h฀ ฀f฀i฀b฀e฀r฀ ฀V%c฀O฀2 p฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀a฀r฀e฀ ฀f฀i฀r฀s฀t฀ ฀o฀r฀d฀e฀r฀ ฀(฀B฀r฀i฀t฀t฀a฀i฀n฀ et al. 2 0฀0฀1฀)฀.฀ ฀8฀1  
฀5฀ 
฀ 
฀ 
฀R฀e฀c฀e฀n฀t฀l฀y฀,฀ ฀K฀e฀i฀r et al.฀ ฀(฀2 0฀1฀4 )฀ ฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀V%c฀O2฀p฀ k i n e i c฀s฀ ฀w฀e฀r฀e  ฀s฀t฀r฀o฀n g l฀y  ฀8฀2฀ 
฀r฀e฀l฀a฀t฀e฀d฀ ฀t฀o฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀,฀ ฀b฀u฀t฀ ฀n฀o฀t฀ ฀t฀o฀ ฀t฀h฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ o฀r฀ t h e  m฀a฀g฀n i฀t฀u d e  o f  ฀t฀h e  i n c r e a s e  i n  ฀8฀3  
฀W฀R฀ ฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀b฀o฀u฀t฀ ฀(฀∆฀W฀R฀)฀.฀ ฀T฀h฀i฀s฀ ฀s฀u฀g฀g฀e฀s฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀i฀n฀t฀r฀a฀m u s c u l a r฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀s฀t฀a฀t u฀s฀ ( e฀. g .  ฀8฀4  
฀[฀A฀D฀P฀]฀/฀[฀A฀T฀P฀]฀,฀ ฀a฀n฀d฀/฀o฀r฀ ฀f฀r฀e฀e฀ ฀e฀n฀e฀r฀g฀y฀ ฀o฀f฀ ฀A฀T฀P฀)฀,฀ ฀r฀a฀t฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀k฀i฀n฀e฀t฀i฀c฀ ฀c฀h฀a฀r฀a฀c฀t r i s t฀i฀c฀s฀ ฀o฀f  t h฀e฀ ฀r฀e฀c฀r฀u฀i฀t฀e d฀ ฀8฀5  
฀m฀o฀t฀o฀r฀ ฀u฀n฀i฀t฀s฀,฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀V%cO2฀p ฀k i฀n e t฀i฀c฀s฀;฀ ฀a฀ ฀c฀o฀n฀c฀l฀u฀s฀i฀o฀n฀ ฀s฀u฀p฀p฀o฀r฀t฀e฀d฀ ฀b฀y฀ ฀B฀o฀w฀e฀n et al.฀ ฀(฀2 0 1 1 )  ฀u฀s฀i฀n฀g  ฀a฀ ฀8฀6  
฀m฀o฀d฀e฀l฀ ฀o฀f฀ ฀i฀n฀c฀o฀m฀p฀l฀e฀t฀e฀ ฀m฀u฀s฀c฀l฀e฀ ฀r฀e฀c฀o฀v฀e฀r฀y฀,฀ ฀a฀n฀d฀ ฀b฀y฀ ฀W฀ü฀s฀t฀ et al.  ฀(฀2฀0฀1฀4฀)฀ ฀w i t฀h฀ ฀e฀x฀e r฀c฀i฀s฀e฀ ฀t฀r a฀n s฀i฀t฀i฀o฀n฀s฀ ฀i฀n฀ ฀8฀7  
฀e฀l฀e฀c฀t฀r฀i฀c฀a฀l฀l฀y฀-฀s฀t฀i฀m฀u฀l฀a฀t฀e฀d฀ ฀d฀o฀g฀ ฀h฀i฀n฀d฀ ฀l฀i฀m฀b฀ ฀m฀u฀s฀c฀l฀e฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀D฀i฀M฀e฀n฀n฀a฀ et al.฀ ฀(฀2฀0 1 0 )฀,฀ u฀s฀i฀n฀g  h฀i g฀h฀-฀8฀8  
฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀,฀ ฀f฀o฀u฀n฀d฀ ฀t฀h฀a฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀ ฀d฀i฀d฀ ฀n฀o฀t฀ ฀i n f l฀u e n c e฀ ฀s u b฀s฀e฀q฀u฀e฀n฀t฀ V%cO฀2฀p k฀i n e t i฀c฀s ,  ฀8฀λ  
฀s฀u฀p฀p฀o฀r฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀r฀e฀c฀r฀u฀i฀t฀m฀e฀n฀t฀ ฀h฀y฀p฀o฀t฀h฀e฀s฀i฀s฀.฀ ฀λ฀0  
฀T฀o฀ ฀s฀h฀e฀d฀ ฀l฀i฀g฀h฀t฀ ฀o฀n฀ ฀t฀h฀i฀s฀ ฀c฀o฀n฀t฀r฀o฀v฀e฀r฀s฀y฀ ฀w฀e฀ ฀a฀i฀m฀e฀d฀ ฀t฀o฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀ ฀t฀h฀e฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀λ฀1฀ 
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀ ฀a฀n฀d฀ ฀V%cO฀2฀p k i n e t i c s  d u r i g  e฀x฀e฀r฀c฀i฀s฀e฀ ฀i฀n฀i฀t฀i฀a฀te d  f฀r฀o m  s฀e v e r a l  d f f e r฀e฀n฀t฀ ฀r฀a฀t฀e฀s฀ ฀o฀f฀ ฀λ฀2  
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀s฀m฀,฀ ฀e฀a฀c฀h฀ ฀u฀s฀i฀n฀g฀ ฀a฀n฀ ฀i฀d฀e฀n฀t฀i฀c฀a฀l฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀ ฀i฀n฀c฀r฀e฀m฀e฀nt  (฀∆ W฀R฀)฀ ฀w฀i฀t฀h฀i฀n฀ ฀t฀h฀e฀ ฀m o d e r a t฀e -฀λ฀3  
฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀d฀o฀m฀a฀i฀n฀;฀ ฀p฀r฀e฀v฀i฀o฀u฀s฀ ฀i฀n฀v฀e฀s฀t฀i g a t i o n s  h a v i n g  u s d฀ ฀o฀n฀l฀y฀ ฀t฀w฀o฀ ฀d฀i฀f f e r฀e n t  b a s฀e l฀i฀n e฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀s฀.฀ ฀λ฀4  
฀T฀h฀i฀s฀ ฀w฀o฀u฀l฀d฀ ฀a฀l฀l฀o฀w฀ ฀u฀s฀ ฀t฀o฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀ ฀w฀h฀e฀t฀h฀e฀r฀ ฀V%cO฀2 p k i n e t i c s  a r e฀ ฀s฀l฀o฀w฀e฀d฀ ฀i฀n฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀ ฀t฀o฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀V%cO฀2 p.฀ ฀λ฀5  
฀A฀d฀d฀i฀t฀i฀o฀n฀a฀l฀l฀y฀,฀ ฀t฀o฀ ฀a฀c฀c฀o฀u฀n฀t฀ ฀f฀o฀r฀ ฀p฀o฀te n฀t฀i฀a l  o n f o u n d฀i n฀g฀ ฀e฀f฀f฀e฀c฀t฀s฀ ฀o฀f฀ ฀re฀g i o n a l  O฀2฀ ฀d฀e฀l฀i v e฀r฀y฀ ฀o฀n฀ ฀m u s฀c฀l฀e฀ ฀λ฀6  
฀V%c฀O฀2฀p฀ (฀H฀u฀g฀h฀s฀o฀n฀ ฀&฀ ฀M฀o฀r฀r฀i฀s฀s฀e฀y฀,฀ ฀1฀λ฀8฀2฀;฀ ฀M฀a฀c฀P฀h฀e฀e฀ et al.฀ ฀2 0 0 5 ; K o g a  et al.  2 0 0 7 ;  W฀ü฀s฀t  et al.฀ ฀2 0 1 4 ) ,฀ ฀λ฀7  
฀w฀e฀ ฀s฀i฀m฀u฀l฀t฀a฀n฀e฀o฀u฀s฀l฀y฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀r฀e฀g฀i฀o฀n฀a฀l฀ ฀m฀u฀s฀c฀l฀e฀ ฀d฀e฀o฀x฀y฀g฀e฀n฀a฀t฀i฀o฀n฀ ฀(฀h฀e฀m฀o฀gl o b i n  ( H฀b฀)฀ ฀+฀ ฀m฀y฀o฀g l฀o฀b฀i฀n฀ ฀λ฀8  
฀(฀M฀b฀)฀;฀ ฀h฀e฀r฀e฀a฀f฀t฀e฀r฀ ฀r฀e฀f฀e฀r฀r฀e฀d฀ ฀t฀o฀ ฀a฀s฀ ฀“฀[฀H฀H฀b฀]฀”฀)฀ ฀b฀y฀ ฀n฀e฀a฀r฀-฀i฀n฀f฀r฀a฀r฀e฀d฀ ฀s฀p฀e฀c฀t฀ro s c p y ,  w h฀i c฀h฀ r฀e f฀l฀e฀c฀t s  t h e฀ ฀λ฀λ  
฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀m฀i฀c฀r฀o฀v฀a฀s฀c฀u฀l฀a฀r฀ ฀O2฀ ฀d฀e฀l฀i v e r y฀ t o  O฀2฀ u t i l฀i฀z฀a฀t฀i฀o฀n฀ ฀( M฀u฀r฀i฀a฀s฀ et al.  2 0 1 4 ) .  I n฀ a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀1฀0฀0฀ 
฀i฀t฀ ฀i฀s฀ ฀w฀e฀l฀l฀ ฀u฀n฀d฀e฀r฀s฀t฀o฀o฀d฀ ฀t฀h฀a฀t฀ ฀V%cO฀2฀m k i n e t i c s฀ ฀c฀a n  ฀b e  ฀m฀o฀d฀u฀l฀a฀t฀e฀d฀ ฀b฀y฀ ฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀o฀n฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀1฀0฀1  
฀t฀o฀ ฀t฀h฀e฀i฀r฀ ฀p฀u฀l฀m฀o฀n฀a฀r฀y฀ ฀e฀x฀p฀r฀e฀s฀s฀i฀o฀n฀ ฀a฀s฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%cO฀2฀p ( H฀o฀f f m฀a฀n฀n฀ et al.  2 0 1 3฀;  B฀e฀n฀s฀o฀n฀ et al. 2 0 1฀3 ) .  T o  ฀1฀0฀2  
฀a฀c฀c฀o฀u฀n฀t฀ ฀f฀o฀r฀ ฀t฀h฀i฀s฀ ฀w฀e฀ ฀u฀s฀e฀d฀ ฀a฀ ฀v฀a฀l฀i฀d฀a฀t฀e฀d฀ ฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r y฀ m฀o฀d฀e l฀ ฀(฀B฀e฀n฀s฀o฀n฀ et al. ฀2฀0฀1 3 )  t o  d฀e t e r m i n฀e฀ ฀w฀h฀e฀t฀h฀e฀r฀ ฀1฀0฀3฀ 
฀6฀ 
฀ 
฀ 
฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀i฀s฀t฀o฀r฀t฀i฀o฀n฀s฀ ฀c฀o฀u฀l฀d฀ ฀e฀x฀p฀l฀a฀i฀n฀ ฀a  p r฀o g r e s฀s i฀v฀e฀ ฀s฀l฀o฀w฀i฀n฀g฀ ฀o฀f฀ V%c฀O฀2 p ฀k฀i n฀e t i฀c s  w i฀t฀h฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ ฀1฀0฀4฀ 
฀g฀r฀e฀a฀t฀e฀r฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀.฀ ฀1฀0฀5฀ 
฀T฀h฀u฀s฀,฀ ฀t฀h฀e฀ ฀p฀u฀r฀p฀o฀s฀e฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀s฀t฀u฀d฀y฀ ฀w฀a฀s฀ ฀t฀o฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀μ฀ ฀1 )฀ ฀V%c฀O฀2 p a฀n d฀ ฀1฀0฀6฀ 
฀[฀H฀H฀b฀]฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀o฀v฀e฀r฀ ฀a฀ ฀r฀a฀n฀g฀e฀ ฀o฀f฀ ฀m฀o฀d฀e฀r฀a฀t - i n t e n s i฀t฀y฀ ฀W R  i฀n฀c฀r฀e฀m฀e฀n฀t฀s i n i t i a฀t฀e฀d฀ ฀f฀r o฀m฀ ฀a฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀1฀0฀7฀ 
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀,฀ ฀i฀.฀e฀.฀,฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀s฀m฀ ฀w฀i฀th฀ v฀a฀r฀i฀a฀b l e  ∆ W฀R  ฀(฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀a฀s฀e฀l฀i n e  ฀1฀0฀8฀ 
฀c฀o฀n฀d฀i฀t฀i฀o฀n฀)฀;฀ ฀2฀)฀ ฀t฀h฀e฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e ฀a n d  V%c฀O2฀p ฀a฀n฀d฀ ฀[฀H฀H฀b ]฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀f฀o฀r  ฀1฀0฀λ฀ 
฀a฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀ ฀w฀i฀t฀h฀i฀n฀ ฀t฀h฀e฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀d฀o฀m฀a฀i฀n฀,฀ ฀i฀. e฀.฀,฀ v a r฀i฀a฀b฀l฀e฀ ฀b฀a฀s฀e฀l i n฀e฀ ฀1฀1฀0฀ 
฀m฀e฀t฀a฀b฀o฀l฀i฀s฀m฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀∆฀W฀R฀ ฀(฀va฀r฀i a b l b s e l฀i฀n฀e  c o n฀d฀i฀t฀i฀o฀n฀)฀;฀ ฀a฀n฀d 3 )  ฀t฀h e  ฀e฀x฀t฀e฀n฀t฀ ฀t฀o฀ ฀w฀h฀i฀c฀h฀ ฀1฀1฀1฀ 
฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀m฀a฀y฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀s฀l฀o฀w฀e฀d฀ ฀V%cO฀2฀p฀ k฀i฀n฀e฀t i s  f r o m฀ p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ ฀i n c r฀e฀a฀s฀i฀n฀g฀ ฀1฀1฀2฀ 
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀.฀ ฀W฀e฀ ฀h฀y฀p฀o฀t฀h฀e฀s฀i฀z฀e฀d฀ ฀t฀h฀a฀t฀,฀ ฀u฀n฀l฀i฀k฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀c฀on s t a฀n฀t฀ ฀b฀a฀s฀e฀l฀i n e  ฀c฀o฀n฀d฀i฀t฀i o฀n฀,฀ ฀i n฀ ฀t h e฀ ฀1฀1฀3฀ 
฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀ Ĳ฀V%cO฀2฀p  ฀a n d  ฀G฀P w o฀u฀l d  ฀i฀n฀c฀r฀e฀a s฀e฀ ฀l฀i฀n฀e฀a฀r฀l฀y฀ ฀w฀i฀t฀h฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀V%c฀O2฀p ฀1฀1฀4฀ 
฀i฀n฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀o฀f฀ ฀[฀H฀H฀b฀]฀ ฀dy n a m฀i฀c฀s฀,฀ a฀n฀d  t฀h฀a฀t฀ ฀t฀h฀e฀s฀e฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀c฀o฀u฀l฀d ฀n฀o t  b  e x p l a i n e d฀ b y  c i r c u l฀a฀t฀o฀r฀y฀ ฀1฀1฀5  
฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀m฀u฀s฀c฀l฀e฀ ฀V%c฀O2฀ k฀i n e t฀i฀c฀s฀.฀ ฀A c฀c฀e฀p฀t฀i฀n฀g฀ ฀t฀h฀i฀s฀ ฀h฀y฀p฀o฀t฀h฀e฀s฀i฀s฀ ฀w฀o฀u฀l฀d฀ ฀s฀u฀g฀g฀e฀s฀t฀ ฀a฀n฀ ฀a฀s฀s฀o฀c฀i฀a฀t฀i฀o฀n฀ ฀1฀1฀6฀ 
฀b฀e฀t฀w฀e฀e฀n฀ ฀i฀n฀s฀t฀a฀n฀t฀a฀n฀e฀o฀u฀s฀ ฀m฀u฀s฀c฀l฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀s฀m฀ ฀a฀n฀d฀ Ĳ฀V%c฀O2฀p฀ a฀n฀d  ฀GP  i n฀ m o฀d฀e฀r a e  i฀n t e n฀s฀i฀t฀y฀ ฀e x฀e฀r฀c฀i฀s฀e฀,฀ ฀1฀1฀7฀ 
฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀i฀n฀c฀o฀n฀s฀i฀s฀t฀e฀n฀t฀ ฀w฀i฀t฀h฀ ฀s฀i฀m฀p฀l฀e฀ ฀f฀i฀r t  o r d e r฀ k i n e฀t i c  ฀c o n฀t฀r฀o฀l฀ ฀t฀h฀e฀o฀r฀y฀.฀ ฀1฀1฀8฀ 
฀ ฀1฀1฀λ฀ 
0HWKRGV฀1฀2฀0฀ 
Ethical approval. ฀T฀h฀e฀ ฀s฀t฀u฀d฀y฀ ฀w฀a฀s฀ ฀c฀o฀n฀d฀u฀c฀t฀e฀d฀ ฀a฀c฀c฀o฀r฀d฀i฀n฀g฀ ฀t฀o฀ ฀t฀h฀e฀ ฀D฀e฀c฀l฀a฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀H฀e฀l฀s฀i฀n฀k฀i฀ ฀a฀n฀d฀ ฀a฀l l  ฀1฀2฀1฀ 
฀p฀r฀o฀c฀e฀d฀u฀r฀e฀s฀ ฀w฀e฀r฀e฀ ฀a฀p฀p฀r฀o฀v฀e฀d฀ ฀b฀y฀ ฀T฀h฀e฀ ฀U฀n฀i฀v฀e฀r฀s฀i฀t฀y฀ ฀o฀f฀ ฀W฀e฀s฀t฀e฀r฀n฀ ฀O฀n฀t฀a฀r฀i฀o฀ ฀E฀t h i c s C o m฀m฀i฀t t e  f o r฀ R฀e฀s฀e฀a r c h฀ ฀1฀2฀2฀ 
฀o฀n฀ ฀H฀u฀m฀a฀n฀ ฀S฀u฀b฀j฀e฀c฀t฀s฀.฀ ฀A฀l฀l฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀v฀o l u฀n฀t฀e฀e฀r฀e฀d฀ a n d  ฀g฀a฀v฀e฀ ฀i฀n฀f฀o฀r฀me d  ฀w r฀i฀t฀t e n  ฀c฀o n฀s฀e฀n฀t฀ ฀t฀o฀ ฀1฀2฀3฀ 
฀p฀a฀r฀t฀i฀c฀i฀p฀a฀t฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀s฀t฀u฀d฀y฀.฀ ฀ ฀ ฀1฀2฀4฀ 
฀ ฀1฀2฀5฀ 
฀7฀ 
฀ 
฀ 
Participants. ฀F฀o฀u฀r฀t฀e฀e฀n฀ ฀h฀e฀a฀l฀t฀h฀y฀ ฀y฀o฀u฀n฀g฀ ฀a฀d฀u฀l฀t฀ ฀m฀e฀n฀ ฀(฀m e a n  ±  S D  v a l u e฀s฀μ  ฀a฀g฀e฀,฀ ฀2฀4฀ ฀±฀ ฀3 y฀r s ;  b o d y m฀a฀s฀s฀,฀ ฀1฀2฀6฀ 
฀8฀3฀ ฀±฀ ฀5฀ ฀k฀g฀;฀ ฀h฀e฀i฀g฀h฀t฀,฀ ฀1฀8฀0฀ ฀±฀ ฀8฀ ฀c฀m฀;฀ ฀V%c฀O2฀p฀e a฀k,  4 8 . 1฀ ±  5 . λ  m฀Lā฀k฀g฀-฀1ā฀m฀i฀n฀-฀1฀)฀ v฀o฀l u฀n t e e฀r฀e฀d฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀s฀t฀u฀d฀y฀.฀ ฀A฀l฀l฀ ฀1฀2฀7฀ 
฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀w฀e฀r฀e฀ ฀n฀o฀n฀-฀s฀m฀o฀k฀e฀r฀s฀ ฀wh o  w฀e฀r e  f r e e  o f฀ a n y฀ ฀k฀n฀o฀w฀n฀ ฀m฀u฀s฀c฀u฀l฀o฀s฀k฀e฀l฀e฀t฀a l ,฀ r฀e฀s฀p฀i r a t฀o฀r฀y฀,฀ ฀1฀2฀8฀ 
฀c฀a฀r฀d฀i฀o฀v฀a฀s฀c฀u฀l฀a฀r฀,฀ ฀a฀n฀d฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀,฀ ฀a฀n฀d฀ ฀w฀h฀o฀ ฀w฀e฀r฀e฀ ฀n฀o฀t฀ ฀t฀a฀k฀in g  a n y฀ ฀m฀e฀d฀i฀c฀a฀t฀i฀o฀n฀s฀ ฀t฀h฀a฀t฀ ฀m฀i฀g฀h฀t  ฀1฀2฀λ฀ 
฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀c฀a฀r฀d฀i฀o฀r฀e฀s฀p฀i฀r฀a฀t฀o฀r฀y฀ ฀o฀r฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀t฀o฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀.฀ ฀P฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t s  w฀e฀r฀e฀ ฀s฀e฀l฀e฀c฀t e d  o n฀ ฀t h฀e฀ ฀1฀3฀0  
฀b฀a฀s฀i฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀i฀r฀ ฀W฀R฀ ฀a฀t฀ ฀t฀h฀e฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀ ฀l฀a฀c฀t฀a฀t฀e฀ ฀t฀h฀r฀e฀s฀h฀o฀l฀d฀ ฀(฀L฀ˆș )  w฀a฀s฀ ฀a฀t฀ ฀l฀e฀a฀s฀t  1 3฀0฀ ฀W ,฀ a l฀l฀o฀w i n g  a l l  ฀s฀t฀e฀p฀-฀1฀3฀1฀ 
฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀u฀s฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀p฀r฀o฀t฀o฀c฀o฀l฀ ฀t฀o฀ ฀b฀e฀g฀i฀n  ฀w i t h i n  ฀t฀h฀e฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ d o฀m฀a฀i฀n฀.฀ ฀ ฀   ฀1฀3฀2  
 ฀1฀3฀3฀ 
Ramp Incremental Exercise. ฀E฀a฀c฀h฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀ ฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀l฀a฀b฀o฀r฀a฀t฀o฀r฀y฀ ฀t฀o฀ ฀p฀e฀r฀f฀o฀r฀m฀ ฀a฀ ฀s฀y฀m฀p฀t฀om฀-฀1฀3฀4฀ 
฀l฀i฀m฀i฀t฀e฀d฀ ฀r฀a฀m฀p฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀a฀l฀ ฀(฀R฀I฀)฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀t฀e฀s฀t฀ ฀(฀2฀0฀ ฀W฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀f฀o฀r฀ 4฀ m฀i฀n฀ ฀f฀o฀l฀l฀o฀w฀e฀d  b y  a  2 5฀ ฀Wā m฀i฀n฀-฀1 ฀1฀3฀5  
฀r฀a฀m฀p฀)฀ ฀o฀n฀ ฀a฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀a฀l฀l฀y฀-฀b฀r฀a฀k฀e฀d฀ ฀c฀y฀c฀l฀e฀ r g฀o฀m฀e t฀e฀r฀ ฀(฀m฀o฀d฀e l฀μ฀ ฀V฀e฀l฀o฀t฀r฀o฀n฀,  R a c e r M฀a฀t฀e  ฀I฀n฀c฀.฀,฀ ฀S฀e฀a฀t฀t฀l฀e฀,฀ ฀W฀A฀,฀ ฀1฀3฀6฀ 
฀U฀S฀A฀)฀ ฀f฀o฀r฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀p฀e฀a฀k฀ ฀V%c฀O2฀p ฀(฀V%cO฀2฀p฀e฀a k)  ฀a฀n฀d฀ ฀p฀e฀a฀k฀ ฀W R  ( W฀Rp฀e a k) .฀ ฀P฀a฀r฀t i c฀i฀p฀a฀n฀t฀s฀ ฀w฀e฀r฀e฀ ฀a฀s฀k฀e฀d฀ ฀1฀3฀7฀ 
฀t฀o฀ ฀m฀a฀i฀n฀t฀a฀i฀n฀ ฀a฀ ฀c฀a฀d฀e฀n฀c฀e฀ ฀o฀f฀ ฀~฀6฀0฀ ฀r฀p฀m฀ ฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀t฀e฀s฀t฀.฀ ฀V%c฀O฀2 p฀e฀a k w฀a฀s฀ ฀d฀e฀f฀i฀n฀e฀d฀ ฀a฀s฀ t h฀e฀ g฀r฀e฀a฀t e฀s฀t฀ ฀2฀0฀ ฀s฀ ฀V%c฀O฀2฀p ฀1฀3฀8  
฀c฀o฀m฀p฀u฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀a฀ ฀r฀o฀l฀l฀i฀n฀g฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀a฀n฀d฀ ฀W฀R฀p฀e a฀k฀ w a s  d฀e฀f i n e d  s  t h e  ฀W฀R  ฀a฀c฀h฀i฀e฀v฀e฀d฀ ฀a฀t฀ ฀t฀e฀r฀m฀i฀n฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀1฀3฀λ฀ 
฀t฀h฀e฀ ฀R฀I฀ ฀t฀e฀s฀t฀.฀ ฀A฀d฀d฀i฀t฀i฀o฀n฀a฀l฀l฀y฀,฀ ฀t฀h฀e฀ ฀L฀ˆș ฀w a฀s฀ ฀d฀e฀t฀e฀r฀m฀i฀n e d  b฀y฀ v฀i฀s฀u฀a฀l฀ ฀i฀n฀s฀p฀e฀c฀t฀i฀o฀n฀ ฀u฀s฀i฀n฀g฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀ ฀v฀e฀n฀t฀i฀l฀a฀t฀o฀r฀y฀ ฀1฀4฀0  
฀a฀n฀d฀ ฀g฀a฀s฀ ฀e฀x฀c฀h฀a฀n฀g฀e฀ ฀i฀n฀d฀i฀c฀e฀s฀ ฀a฀s฀ ฀p฀r฀e฀v฀i o u s l y฀ e s c r i b e฀d฀ ฀(฀B฀e฀a฀v฀e฀r฀ et al.  1 λ 8฀6฀) .฀1฀4฀1฀ 
 ฀1฀4฀2฀ 
Constant Work Rate Exercise Protocols. ฀ P฀ a฀ r฀ t฀ i฀ c฀ i฀ p฀ a฀ n฀ t฀ s฀  ฀ p฀ e฀ r฀ f฀ o฀ r฀ m฀ e฀ d฀  ฀ 3฀ -฀ 5฀  ฀ r฀ e฀ p฀ e฀ t฀ i฀ t฀ i฀ o฀ n฀ s฀  ฀ o฀ f฀  ฀ 4฀ 0฀ W฀  ฀ s฀ t฀ e฀ p฀ -฀1฀4฀3฀ 
฀i฀n฀c฀r฀e฀m฀e฀n฀t฀s฀ ฀(฀i฀.฀e฀.฀,฀ ฀∆฀4฀0฀)฀ ฀f฀r฀o฀m฀ ฀a฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀o฀f฀ ฀2฀0฀,฀ ฀4฀0฀,฀ ฀6฀0฀,฀ ฀8฀0฀,฀ ฀1฀0฀0฀,฀ ฀a฀n฀d฀ ฀1฀2฀0฀ ฀W฀ ฀(฀i฀.฀e฀.฀,฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀1฀4฀4  
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀)฀.฀ ฀S฀t฀e฀p฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀w฀e฀r฀e฀ ฀6฀ ฀m฀i฀n฀ ฀o฀f฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀f฀o฀l฀l฀o฀w฀e฀d  b y  a n  i฀n s t฀a฀n t฀a฀n฀e฀o฀u฀s฀ ฀1฀4฀5฀ 
฀s฀t฀e฀p฀-฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ ฀W฀R฀ ฀t฀o฀ ฀4฀0฀ ฀W฀ ฀a฀b฀o฀v฀e฀ ฀t฀h฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀f฀o฀r฀ ฀6฀ ฀m฀i฀n฀.฀ ฀W฀i฀t฀h฀ t h e  ฀e฀x฀c฀e฀p฀t฀i฀o฀n฀ ฀o฀f฀ ฀t h฀e฀ ฀s฀t฀e฀p฀-฀1฀4฀6฀ 
฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀2฀0฀ ฀W฀ ฀a฀n฀d฀ ฀4฀0฀ ฀W฀,฀ ฀al l  o฀t฀h฀e฀r฀ ฀t r s i t฀i฀o n฀s฀ ฀w฀e฀r฀e฀ ฀p฀r฀e฀c฀e฀d฀e฀d฀ ฀b฀y฀ ฀6  m฀i฀n฀ ฀o฀f฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀y฀c฀l฀i฀n฀g฀ ฀1฀4฀7  
฀a฀t฀ ฀2฀0฀ ฀W฀,฀ ฀w฀h฀i฀c฀h฀ ฀p฀r฀o฀v฀i฀d฀e฀d฀ ฀a฀n฀ ฀o฀p฀p฀o฀r฀t฀u฀n฀i฀t฀y฀ ฀t฀o฀ ฀e฀x฀a฀m฀i฀n฀e฀ ฀s฀t฀e฀p฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀a฀ ฀c฀o฀m฀m฀o฀n฀ ฀2฀0฀ ฀W฀ ฀1฀4฀8฀ 
฀8฀ 
฀ 
฀ 
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀a฀n฀d฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀s฀ ฀(฀i฀.฀e฀.฀,฀ ฀∆฀4฀0฀,฀ ฀∆฀6฀0฀,฀ ฀∆฀8฀0฀,฀ ฀∆฀1฀0฀0฀;฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e  ฀c฀o฀n฀d฀i฀t฀i฀o฀n ) .  ฀1฀4฀λ฀ 
฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀o฀n฀e฀-฀t฀h฀i฀r฀d฀ ฀o฀f฀ ฀t฀h฀e฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀p฀r฀o฀t฀o฀c฀o฀l฀s฀ ฀w฀e฀r฀e฀ ฀1฀2฀ ฀m฀i฀n฀ ฀i฀n฀ ฀d฀u฀r฀a฀t฀i฀o฀n฀ ฀(฀t฀h฀o฀s฀e฀ ฀i฀n฀it i฀a฀t฀e฀d  f฀r฀o฀m  2 0  ฀1฀5฀0฀ 
฀a฀n฀d฀ ฀4฀0฀ ฀W฀)฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀o฀t฀h฀e฀r฀ ฀t฀w฀o฀-฀t฀h฀i฀r฀d฀s฀ ฀w฀e฀r฀e฀ ฀1฀8฀ ฀m฀i฀n฀ ฀(฀s฀e฀e฀ ฀F฀i฀g฀u฀r฀e฀ ฀1฀)฀.฀ A฀ ฀m฀a฀x฀i฀m u m฀ ฀o฀f฀ t w o฀ ฀e x e฀r c i s e  ฀1฀5฀1฀ 
฀ p฀ r฀ o฀ t฀ o฀ c฀ o฀ l฀ s฀  ฀ w฀ e฀ r฀ e฀  ฀ c฀ o฀ m฀ p฀ l฀ e฀ t฀ e฀ d฀  ฀ p฀ e฀ r฀  ฀ v฀ i฀ s฀ i฀ t฀  ฀ w฀ i฀ t฀ h฀  ฀ a฀  ฀ m฀ i฀ n฀ i฀ m฀ u฀ m฀  ฀ o฀ f฀  ฀ 2฀ 0฀  ฀ m฀ i฀ n฀  s฀ e at e d  r e s t  b e t w฀ e฀ e฀ n  ฀ e฀ x฀ e฀ r฀ c฀ i s e  ฀1฀5฀2฀ 
฀b฀o฀u฀t฀s฀.฀ ฀F฀o฀r฀ ฀e฀a฀c฀h฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀,฀ ฀t฀h฀e฀ ฀s฀e฀q฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀p฀r฀o฀t฀o฀c฀o฀l฀s฀ ฀w฀a s r a n d o m i z d  i n  a  ฀1฀5฀3฀ 
฀c฀o฀u฀n฀t฀e฀r฀b฀a฀l฀a฀n฀c฀e฀d฀ ฀o฀r฀d฀e฀r฀ ฀a฀n฀d฀ ฀i฀t฀ ฀w฀a฀s฀ ฀a฀s฀s฀u฀m฀e฀d฀ ฀t฀h฀a฀t฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀d฀u฀r฀a฀t฀i฀o฀n฀ ฀d฀i d฀ ฀n฀o฀t฀ ฀a฀f฀f e c t  ฀p฀h฀y s i฀o l o g i฀c฀a l฀ ฀1฀5฀4฀ 
฀o฀u฀t฀c฀o฀m฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀.฀  ฀1฀5฀5฀ 
Data Collection. ฀D฀u฀r฀i฀n฀g฀ ฀e฀a฀c฀h฀ ฀t฀r฀i฀a฀l฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀w฀o฀r฀e฀ ฀a฀ ฀n฀o฀s฀e฀c฀l฀i฀p฀ ฀a฀n฀d฀ ฀b฀r฀e฀a฀t฀h฀e฀d฀ ฀t฀h฀r฀o฀u฀g฀h฀ a  ฀1฀5฀6฀ 
฀m฀o฀u฀t฀h฀p฀i฀e฀c฀e฀ ฀f฀o฀r฀ ฀b฀r฀e฀a฀t฀h฀-฀b฀y฀-฀b฀r฀e฀a฀t฀h฀ g a s - e x c h a฀n฀g฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀s฀.฀ ฀I฀n฀s฀pi r e฀d฀ ฀a฀n฀d  ฀e฀x฀p฀i฀r฀e฀d฀ ฀v฀o l฀u฀m฀e฀s฀ ฀a฀n฀d฀ ฀1฀5฀7฀ 
฀f฀l฀o฀w฀ ฀r฀a฀t฀e฀s฀ ฀w฀e฀r฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀u฀s฀i฀n฀g฀ ฀a฀ ฀l฀o฀w฀ ฀d฀e฀a฀d฀ ฀s฀p฀a฀c฀e฀ ฀(฀λ฀0฀ ฀m฀L฀)฀ ฀b฀i฀d฀i฀r฀e฀ct฀i฀o฀n a l฀ ฀t฀u฀r฀b฀i฀n e  ( A฀l p h a  ฀1฀5฀8฀ 
฀T฀e฀c฀h฀n฀o฀l฀o฀g฀i฀e฀s฀,฀ ฀V฀M฀M฀ ฀1฀1฀0฀)฀ ฀a฀n฀d฀ ฀p฀n฀e฀u฀m฀o฀t฀a฀c฀h฀ ฀(฀H฀a฀n฀s฀ ฀R฀u฀d฀o฀l฀p฀h฀,฀ ฀M฀o฀d฀e฀l฀ ฀4฀8฀1฀3)  ฀p o s฀i฀t฀i฀o n e d  i n  s e r฀i฀e฀s฀ ฀1฀5฀λ฀ 
฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀m฀o฀u฀t฀h฀p฀i฀e฀c฀e฀ ฀(฀t฀o฀t฀a฀l฀ ฀a฀p฀p฀a฀ra t u s  d e a d  s p a฀c฀e฀ ฀w฀a฀s฀ ฀1฀5฀0฀ ฀m฀L฀)฀;฀ ฀r฀e฀s฀p i r฀e฀d  a i r  w a s฀ ฀c฀o n t i฀n฀u฀o฀u฀s฀l฀y฀ ฀1฀6฀0฀ 
฀s฀a฀m฀p฀l฀e฀d฀ ฀a฀t฀ ฀t฀h฀e฀ ฀m฀o฀u฀t฀h฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀y฀s฀e฀d฀ ฀b฀y฀ ฀m฀a฀s฀s฀ ฀s฀p฀e฀c฀t฀r฀o฀m฀e฀t฀r฀y฀ ฀(฀I฀n฀n฀o฀v฀i฀s฀i o n฀,  A฀M฀I฀S฀ ฀2฀0฀0฀0 ,฀ ฀L฀i฀n฀d฀v฀e฀d฀v e j ,฀ ฀1฀6฀1฀ 
฀D฀e฀n฀m฀a฀r฀k฀)฀ ฀f฀o฀r฀ ฀f฀r฀a฀c฀t฀i฀o฀n฀a฀l฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀O฀2  a n d  C O2 .  T h e  v฀o฀l u m฀e฀ ฀t฀u฀r฀b฀i฀n฀e฀ ฀w฀a s฀ ฀c฀a฀l฀i฀b฀r฀a฀t฀e฀d฀ ฀b฀e฀f฀o฀r฀e฀ ฀1฀6฀2฀ 
฀e฀a฀c฀h฀ ฀t฀e฀s฀t฀ ฀u฀s฀i฀n฀g฀ ฀a฀ ฀s฀y฀r฀i฀n฀g฀e฀ ฀o฀f฀ ฀k฀n฀o฀w฀n฀ ฀v฀o฀l฀u฀m฀e฀ ฀(฀3฀ ฀L฀)฀ ฀o฀v฀e฀r฀ ฀a฀ ฀r฀a฀n฀g฀e฀ ฀o฀f฀ ฀f l o฀w฀ ฀r฀a฀t e s  ฀a n d  t฀h฀e฀ ฀p฀n฀e฀u฀m o t a c h฀1฀6฀3฀ 
฀w฀a฀s฀ ฀a฀d฀j฀u฀s฀t฀e฀d฀ ฀f฀o฀r฀ ฀z฀e฀r฀o฀ ฀f฀l฀o฀w฀.฀ ฀G฀a฀s฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀s฀ ฀w฀e฀r฀e฀ ฀c฀a฀l฀i฀b฀r฀a฀t฀e฀d฀ ฀w i฀t฀h฀ ฀p฀r฀e฀c฀i฀s i o n - a n a l y฀z฀e฀d฀ ฀g฀a s  ฀1฀6฀4฀ 
฀m฀i฀x฀t฀u฀r฀e฀s฀.฀ ฀T฀h฀e฀ ฀t฀i฀m฀e฀ ฀d฀e฀l฀a฀y฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀a฀n฀ ฀i฀n฀s฀t฀a฀n฀t฀a฀n฀e฀o฀u฀s฀,฀ ฀s฀q฀u฀a฀r฀e฀-฀w฀a฀v฀e฀ ฀c฀h a n g฀e  ฀i  f r a฀c t฀i฀o n a l  g a s  ฀1฀6฀5฀ 
฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀a฀t฀ ฀t฀h฀e฀ ฀s฀a฀m฀p฀l฀i฀n฀g฀ ฀i฀n฀l฀e฀t฀ ฀a฀n฀d฀ ฀i฀t฀s฀ d e฀t฀e c t฀i฀o฀n฀ ฀b฀y฀ ฀t฀h฀e฀ ฀m฀as s  s p t r m e t e r  w a s  m฀e฀a฀s฀u฀r฀e฀d฀ ฀1฀6฀6฀ 
฀e฀l฀e฀c฀t฀r฀o฀n฀i฀c฀a฀l฀l฀y฀ ฀b฀y฀ ฀c฀o฀m฀p฀u฀t฀e฀r฀.฀ ฀R฀e฀s฀p฀i฀r฀a฀t฀o฀r y฀ ฀v฀o l u m฀e฀s฀,฀ ฀f l o w฀,฀ ฀a฀n฀d฀ ฀g฀a฀s฀ ฀c฀o n c e n t r a t฀i฀o n s฀ ฀w e r e  ฀r฀e฀c฀o฀r฀d฀e฀d฀ ฀i฀n฀ ฀1฀6฀7฀ 
฀r฀e฀a฀l฀-฀t฀i฀m฀e฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀b฀u฀i฀l฀d฀ ฀a฀ ฀p฀r฀o฀f฀i฀l฀e฀ ฀o฀f฀ ฀e฀a฀c฀h฀ ฀b฀r฀e฀a฀t฀h฀.฀ ฀A฀l฀v฀e฀o฀l฀a฀r฀ ฀g฀a฀s฀ e x c h฀a n฀g฀e฀ ฀w a s  c a l฀c฀u฀l฀a฀t฀e฀d฀ ฀o฀n a฀ ฀1฀6฀8฀ 
฀b฀r฀e฀a฀t฀h฀-฀b฀y฀-฀b฀r฀e฀a฀t฀h฀ ฀b฀a฀s฀i฀s฀ ฀u฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀a฀l฀g฀o฀r฀i฀t฀h฀m s  o f  S w a n฀s฀o฀n฀ ฀(฀1฀λ฀8฀0฀)฀.฀  ฀1฀6฀λ฀ 
฀L฀o฀c฀a฀l฀ ฀m฀u฀s฀c฀l฀e฀ ฀d฀e฀o฀x฀y฀g฀e฀n฀a฀t฀i฀o฀n฀ ฀(฀[฀H฀H฀b฀]฀)฀ ฀o฀f฀ ฀t฀h฀e฀ ฀q฀u฀a฀d฀r฀i฀c฀e฀p฀s฀ vastus lateralis฀ ฀m u s c l฀e฀ ฀w a s฀ ฀1฀7฀0฀ 
฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀u฀s฀i฀n฀g฀ ฀a฀ ฀f฀r฀e฀q฀u฀e฀n฀c฀y฀ ฀d฀o฀m฀a฀i฀n฀ ฀m฀u฀l฀t฀i฀-฀d฀i฀s฀t฀a฀n฀c฀e฀ ฀n฀e฀a฀r฀-฀i฀n฀f฀r฀a฀r฀e฀d฀ ฀s฀p฀e฀c t r s฀c฀o p y  ฀(฀N I R S฀)  ฀s฀y฀s฀t฀e฀m฀ ฀1฀7฀1฀ 
฀λ฀ 
฀ 
฀ 
฀(฀O฀x฀i฀p฀l฀e฀x฀ ฀T฀S฀,฀ ฀M฀o฀d฀e฀l฀ ฀λ฀2฀5฀0฀5฀,฀ ฀I฀S฀S฀,฀ ฀C฀h฀a฀m฀p฀a฀i฀g฀n฀,฀ ฀U฀S฀A฀)฀ ฀a฀s฀ ฀d฀e฀s฀c฀r฀i฀b฀e฀d฀ ฀e฀l฀s฀e฀w฀h e฀r฀e฀ ฀(฀S฀p฀e฀n฀c฀e฀r฀ et al.฀ ฀1฀7฀2฀ 
฀2฀0฀1฀2฀)฀.฀ ฀B฀r฀i฀e฀f฀l฀y฀,฀ ฀t฀h฀e฀ ฀s฀y฀s฀t฀e฀m฀ ฀w฀a฀s฀ ฀c฀o฀m฀p฀r฀i฀s฀e฀d฀ ฀o฀f฀ ฀a฀ ฀s฀i฀n฀g฀l฀e฀ ฀c฀h฀a฀n฀n฀e฀l฀ ฀c฀on s i฀s฀t฀i n g  o f  ฀e฀i฀g h t  ฀l฀a฀s฀e฀r฀ ฀d฀i฀o฀d฀e฀s฀ ฀1฀7฀3฀ 
฀o฀p฀e฀r฀a฀t฀i฀n฀g฀ ฀a฀t฀ ฀t฀w฀o฀ ฀w฀a฀v฀e฀l฀e฀n฀g฀t฀h฀s฀ ฀(Ȝ฀ ฀=฀ ฀6฀λ฀0฀ ฀a฀n฀d฀ ฀8฀2฀8฀ ฀n฀m฀,฀ ฀f฀o฀u฀r฀ ฀a฀t฀ ฀e฀a฀c฀h฀ w a v e l e n฀g t h )  ฀t฀h฀a฀t฀ ฀w฀e฀r฀e฀ ฀p฀u฀l฀s e฀d฀ ฀i฀n฀ ฀1฀7฀4฀ 
฀a฀ ฀r฀a฀p฀i฀d฀ ฀s฀u฀c฀c฀e฀s฀s฀i฀o฀n฀ ฀d฀o฀w฀n฀ ฀a฀ ฀p฀h฀o฀t฀o฀m฀u฀l฀t฀i฀p฀l฀i฀e฀r฀ ฀t฀u฀b฀e฀.฀ ฀A฀ ฀r฀i฀g฀i฀d฀ ฀p฀l฀a฀s฀t฀i฀c฀ ฀N฀I฀R฀S฀ ฀p฀r฀o฀b฀e฀ ฀(฀c฀o฀n฀n c t e d  t o l฀a฀s e r  ฀1฀7฀5฀ 
฀d฀i฀o฀d฀e฀s฀ ฀a฀n฀d฀ ฀p฀h฀o฀t฀o฀m฀u฀l฀t฀i฀p฀l฀i฀e฀r฀ ฀t฀u฀b฀e฀ ฀b฀y฀ ฀o฀p฀t฀i฀c฀a฀l฀ ฀f฀i฀b฀e฀r฀s฀)฀ ฀c฀o฀n฀s฀i฀s฀t฀e฀d฀ ฀o฀f ฀t฀w o  p฀a฀r฀a฀l l e l  r฀o฀w s  o f  l i g h t  e m฀i฀t t e r  ฀1฀7฀6฀ 
฀f฀i฀b฀e฀r฀s฀ ฀a฀n฀d฀ ฀o฀n฀e฀ ฀d฀e฀t฀e฀c฀t฀o฀r฀ ฀f฀i฀b฀e฀r฀ b u d l e ;  t h e  s o u r฀c e - d฀e฀t฀e฀c฀t฀o฀r฀ ฀s฀e฀p฀a฀r฀a t i o฀n฀s฀ ฀f฀o r  t h i s  ฀p r o b e  ฀w฀e฀r฀e฀ ฀2฀.฀0฀,฀ ฀2฀.฀5฀,฀ ฀1฀7฀7฀ 
฀3฀.฀0฀,฀ ฀a฀n฀d฀ ฀3฀.฀5฀ ฀c฀m฀ ฀f฀o฀r฀ ฀b฀o฀t฀h฀ ฀w฀a฀v฀e฀l฀e฀n฀g฀t฀h฀s฀.฀ ฀T฀h฀e฀ ฀p฀r฀o฀b฀e฀ ฀w฀a฀s฀ ฀p฀l฀a฀c฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀b฀e฀l฀l y฀ o f  t h e  m฀u฀s฀c฀l e฀,  a t  ฀t฀h฀e฀ ฀1฀7฀8฀ 
฀d฀i฀s฀t฀a฀l฀ ฀e฀n฀d฀ ฀o฀f฀ ฀t฀h฀e฀ vastus lateralis  m฀u฀s฀c฀l฀e฀.฀ ฀N฀I฀R฀S฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀s฀ ฀w฀e฀r฀e฀ ฀c฀o l฀l฀e฀c฀t e d฀ c o t i฀n u o u s l฀y฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀1฀7฀λ฀ 
฀e฀n฀t฀i฀r฀e฀ ฀d฀u฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀e฀a฀c฀h฀ ฀t฀r฀i฀a฀l฀.฀ ฀T฀h฀e฀ ฀N฀I฀R฀S฀ ฀w฀a฀s฀ ฀c฀a฀l฀i฀b฀r฀a฀t฀e฀d฀ ฀a฀t฀ ฀t฀h฀e฀ ฀be g i n n฀i n฀g฀ ฀o฀f฀ ฀e฀a c h  t e฀s฀t฀i฀n฀g฀ ฀s฀e฀s฀s฀i฀o฀n฀ ฀1฀8฀0฀ 
฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ ฀a฀n฀ ฀i฀n฀s฀t฀r฀u฀m฀e฀n฀t฀ ฀w฀a฀r฀m฀-฀u฀p฀ ฀p฀e฀r฀i฀o฀d฀ ฀o฀f฀ ฀a฀t฀ ฀l฀e฀a฀s฀t฀ ฀2฀0฀ ฀m฀i฀n฀.฀ ฀T฀h฀r฀o฀u฀g฀h฀o฀u฀t฀ ฀e฀a฀c฀h฀ ฀t฀e฀s฀t i n g  s e฀s฀s฀i฀o฀n฀,฀ ฀1฀8฀1฀ 
฀c฀o฀n฀t฀i฀n฀u฀o฀u฀s฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀b฀s฀o฀l฀u฀t฀e฀ ฀s฀c฀a฀t฀t฀e฀r฀i฀n฀g฀ ฀(ȝs )฀ ฀a฀n฀d  a b s o฀r p t i o n  (ȝ฀a฀)฀ ฀c฀o฀e฀f f฀i฀c฀i฀e฀n฀t฀s฀ ฀f฀o฀r฀ ฀e฀a฀c฀h  ฀1฀8฀2฀ 
฀w฀a฀v฀e฀l฀e฀n฀g฀t฀h฀ ฀w฀e฀r฀e฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ฀b฀y฀ ฀ma s u r฀i฀n g  t฀h e  i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀o฀f฀ ฀m฀o฀d฀u฀l฀a฀t฀e฀d฀ l฀i g h t  e n t฀e฀r฀i n g  ฀a฀n฀d฀ ฀1฀8฀3฀ 
฀t฀r฀a฀v฀e฀r฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀t฀i฀s฀s฀u฀e฀ ฀(฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀c฀o฀m฀p฀o฀n฀e฀n฀t฀ ฀o฀f฀ ฀t h฀e฀ ฀m฀o฀d฀u฀l฀a฀t฀e฀d฀ l i g h t  w a v฀e฀s  ฀1฀8฀4  
฀[฀D฀C฀]฀,฀ ฀a฀m฀p฀l฀i฀t฀u฀d฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀d฀u฀l฀a฀t฀i฀o n  [฀A C ] ,  a n d฀ t฀h฀e฀ ฀p h a฀s฀e฀ ฀s฀h฀i฀f฀t฀ ฀[Ɏ฀] b e t w e e n  t h o s e  t w฀o฀ s฀i฀g฀n฀a฀l฀s฀)฀ ฀a฀t฀ ฀1฀8฀5฀ 
฀t฀h฀e฀ ฀f฀o฀u฀r฀ ฀s฀o฀u฀r฀c฀e฀ ฀-฀ ฀d฀e฀t฀e฀c฀t฀o฀r฀ ฀d฀i฀s฀t฀a฀n฀c฀e฀s฀ ฀(฀R฀)฀.฀ ฀T฀h฀e฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀o฀f฀ ฀A฀C฀ ฀a฀n฀d฀ Ɏ  w฀e฀r฀e฀ ฀p฀l฀o฀t฀t e d฀ ฀a฀s  a  f u n c t i o n  ฀1฀8฀6  
฀o฀f฀ ฀d฀i฀s฀t฀a฀n฀c฀e฀ ฀R฀ ฀a฀t฀ ฀b฀o฀t฀h฀ ฀w฀a฀v฀e฀l฀e฀n฀g฀t฀h฀s฀ ฀t฀o฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀ ȝ฀s฀ ฀a n d  ȝ฀a฀,฀ ฀w฀h฀i c h฀ ฀w฀e฀r฀e฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀r฀e฀s฀o฀l฀v฀e฀ ฀t฀h฀e฀ ฀1฀8฀7฀ 
฀a฀b฀s฀o฀l฀u฀t฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀H฀H฀b฀ ฀(฀i฀n฀ ฀µ฀M฀)฀ ฀u฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀B฀e฀e฀r฀-฀L฀a฀m฀b฀e฀r฀t฀ ฀e฀q฀u฀a฀t฀i o n .  D฀a฀t a  ฀w e r e  s t฀o r e d  ฀1฀8฀8฀ 
฀o฀n฀l฀i฀n฀e฀ ฀a฀t฀ ฀a฀n฀ ฀o฀u฀t฀p฀u฀t฀ ฀f฀r฀e฀q฀u฀e฀n฀c฀y  ฀o f฀ ฀2฀5฀ ฀H z ,  b u t฀ ฀w฀e฀r฀e฀ ฀r฀e฀d฀u฀c฀e฀d฀ ฀t฀o฀ ฀1฀ ฀s ฀b฀i฀n s฀ ฀f฀o฀r฀ ฀a฀l฀l฀ s u b s eq u e n t  a n a l฀y s e s .  ฀1฀8฀λ฀ 
฀ ฀1฀λ฀0฀ 
Data Analysis. ฀B฀r฀e฀a฀t฀h฀-฀b฀y฀-฀b฀r฀e฀a฀t฀h฀ ฀V%c฀O฀2 p฀ ฀d a t฀a฀ ฀w e r e฀ ฀e฀d฀i฀t฀e฀d฀ ฀o฀n฀ ฀a฀n฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀ ฀b฀a฀s฀i฀s฀ ฀b฀y฀ ฀r฀e฀m฀o฀v฀i฀n฀g฀ ฀1฀λ฀1฀ 
฀a฀b฀e฀r฀r฀a฀n฀t฀ ฀d฀a฀t฀a฀ ฀t฀h฀a฀t฀ ฀l฀a฀y฀ ฀3฀ ฀S฀D฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀l฀o฀c฀a฀l฀ ฀m฀e฀a฀n฀ ฀(฀L฀a฀m฀a฀r฀r฀a฀ et al.  1 λ 8 7 )฀.฀ ฀W฀i฀t฀h i n  a c h  p฀a r t฀i฀c i p a n t฀,฀ ฀1฀λ฀2฀ 
฀l฀i฀k฀e฀-฀r฀e฀p฀e฀t฀i฀t฀i฀o฀n฀s฀ ฀w฀e฀r฀e฀ ฀l฀i n฀e฀a฀r฀l฀y฀ ฀i฀n฀t e r p฀o฀l฀a฀t฀e฀d฀ ฀o฀n฀ ฀a฀ ฀s฀e฀c฀o฀n฀d฀-฀b฀y฀-฀s฀e฀c฀o฀n฀d฀ ฀b a s฀i฀s฀,฀ ฀e฀n฀s฀e฀m b l฀e฀-฀a฀v฀e฀r฀a฀g฀e฀d฀ ฀a฀n฀d฀ ฀1฀λ฀3  
฀1฀0฀ 
฀ 
฀ 
฀t฀i฀m฀e฀-฀a฀l฀i฀g฀n฀e฀d฀ ฀s฀u฀c฀h฀ ฀t฀h฀a฀t฀ ฀t฀i฀m฀e฀ ฀“฀z฀e฀r฀o฀”฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀t฀h฀e฀ ฀o฀n฀s฀e฀t฀ ฀o฀f฀ ฀t฀h฀er a฀n s i฀t฀i฀o฀n฀.฀ ฀T฀h฀e฀ ฀o n - t r a n s i฀e฀n฀t฀ ฀o฀f฀ ฀1฀λ฀4  
฀e฀a฀c฀h฀ ฀p฀r฀o฀f฀i฀l฀e฀ ฀w฀a฀s฀ ฀m฀o฀d฀e฀l฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀f฀o฀l฀l฀o฀w฀i n g฀ ฀m฀o฀n฀o฀-฀e฀x p o n฀e฀n฀t฀i฀a฀l฀ ฀f฀un c t i฀o n μ ฀1฀λ฀5฀ 
฀ ฀1฀λ฀6฀ 
฀y฀(t )฀ ฀=฀ ฀y฀B฀S฀L  +  ฀A฀ ā฀ ฀(฀1฀ ฀–฀ e฀-฀(t -฀T฀D฀)฀/Ĳ฀ )  ฀  ฀ (1฀ )฀  ฀1฀λ฀7฀ 
฀ ฀1฀λ฀8฀ 
฀w฀h฀e฀r฀e฀,฀ ฀y฀(t )  i s  t฀h฀e฀ ฀v฀a฀l฀u฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀a฀t฀ ฀a฀n฀y฀ ฀t฀i m฀e฀ ฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e t r a n s i t i o n ,  yB S฀L฀ ฀i s  t h e฀ ฀1฀λ฀λ฀ 
฀p฀r฀e฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀v฀a฀l฀u฀e฀ ฀(฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀~฀6฀0฀ ฀s฀ ฀b฀e฀f฀o฀r฀e฀ ฀a฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀)฀,฀ A฀ i s ฀t h e  ฀s฀t e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀ ฀2฀0฀0฀ 
฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ ฀y฀ ฀a฀b฀o฀v฀e฀ ฀t฀h฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀v฀a฀l฀u฀e฀,฀ ฀T฀D฀ ฀i฀s฀ ฀t฀h฀e฀ ฀t฀i฀m฀e฀ ฀d฀e฀l฀a฀y฀,฀ ฀an d  Ĳ  i s  t h t i฀m e  c o฀n s t a n t  o f h e  ฀2฀0฀1  
฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀(฀o฀r฀ ฀t฀h฀e฀ ฀t฀i฀m฀e฀ ฀f฀o฀r฀ ฀y฀ ฀t฀o฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀t฀o฀ ฀6฀3฀%฀ ฀o฀f฀ ฀t฀h฀e฀ ฀n฀e฀w฀ ฀s฀t฀e฀a฀dy - s t a฀t฀e  ฀a f t฀e฀r฀ ฀T฀D ) .  T h e  f฀u฀n฀c฀t฀i฀o฀n฀a l฀ ฀2฀0฀2฀ 
฀g฀a฀i฀n฀ ฀(฀G฀P μ  ǻ฀V%c฀O2 p/ǻ฀W฀R฀)฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀w฀a฀s฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ฀b฀y฀ ฀d฀i฀v฀i฀d฀i฀n฀g฀ ฀A฀ ฀(฀i฀n฀ ฀m฀L฀∙฀m฀i฀n฀-฀1฀)฀ ฀b฀y฀ ฀t฀h฀e฀ ฀2฀0฀3฀ 
฀c฀h฀a฀n฀g฀e฀ ฀i฀n฀ ฀W฀R฀ ฀(฀i฀n฀ ฀W฀)฀.฀ ฀D฀a฀t฀a฀ ฀w฀e฀r฀e฀ ฀f฀i฀t฀ ฀u฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀L฀e฀v฀e฀n฀b฀e฀r฀g฀-฀M฀a฀r฀q฀u฀a฀r฀d a l฀g฀o r฀i฀t฀h฀m  t o  f i n d  t h e  ฀2฀0฀4฀ 
฀m฀i฀n฀i฀m฀u฀m฀ ฀s฀u฀m฀ ฀o฀f฀ ฀s฀q฀u฀a฀r฀e฀d฀ ฀r฀e฀s฀i฀d฀u฀a฀l฀s฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀m฀o฀n฀o฀-฀e฀x฀p฀o฀n฀e฀n฀t฀i฀a฀l฀ ฀fu n฀c฀t i o n  a n฀d฀ ฀t h฀e  x p e฀r i m฀e n t a l  ฀2฀0฀5฀ 
฀d฀a฀t฀a฀ ฀(฀u฀s฀i฀n฀g฀ ฀O฀r฀i฀g฀i฀n฀ ฀8฀.฀5฀;฀ ฀O฀r฀i฀g฀i฀n฀L฀a฀b฀,฀ ฀N฀o฀r฀t฀h฀a฀m฀p฀t฀o฀n฀,฀ ฀M฀A฀)฀.฀ ฀T฀h฀e฀ ฀e฀n฀d฀ ฀o฀f t฀h฀e  ฀f฀i฀t฀t i n g  w i n d฀o฀w฀ w฀a฀s฀ s฀e฀t  ฀t฀o฀ ฀2฀0฀6฀ 
฀~฀ ฀5฀ ฀t฀i฀m฀e฀s฀ ฀t฀h฀e฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀d฀ ฀t฀i฀m฀e฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀r฀e฀s฀t฀r฀i฀c฀t฀ ฀t฀h฀e฀ m฀o฀d฀e฀l฀i฀n฀g฀ ฀t o  d฀a฀t a฀ ฀l฀y฀i n g฀ w฀i฀t฀h฀i฀n฀ ฀t฀h฀e฀ ฀2฀0฀7฀ 
฀t฀r฀a฀n฀s฀i฀e฀n฀t฀ ฀p฀h฀a฀s฀e฀.฀ ฀ ฀F฀o฀r฀ ฀t฀h฀o฀s฀e฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀s฀ ฀w฀h฀o฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀e฀d฀ ฀i฀n฀t฀o฀ ฀th฀e฀ ฀h฀e฀a฀v฀y฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀d o m฀a฀i฀n฀,฀ ฀t฀h฀e฀ ฀e฀n฀d฀ ฀2฀0฀8  
฀o฀f฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀f฀i฀t฀t฀i฀n฀g฀ ฀w฀i฀n฀d฀o฀w฀ ฀w฀a฀s฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ฀b฀y฀ ฀e฀x฀a฀m฀i฀n฀i฀n฀g฀ ฀t฀h฀e฀ ฀c h฀a n g e  ฀i฀n฀ Ĳ฀,฀ ฀C฀I฀λ฀5,  Ȥ฀2 ,฀ ฀a฀n d฀ ฀p l฀o฀t฀t฀e฀d฀ ฀2฀0฀λ฀ 
฀r฀e฀s฀i฀d฀u฀a฀l฀s฀ ฀i฀n฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀t฀o฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀e฀n฀d฀ ฀o฀f฀ ฀t฀h฀e฀ ฀f฀i฀t฀t i n g  w฀i฀n฀d฀o฀w฀.฀ ฀T h e  p o i t  ฀2฀1฀0฀ 
฀i฀m฀m฀e฀d฀i฀a฀t฀e฀l฀y฀ ฀p฀r฀e฀c฀e฀d฀i฀n฀g฀ ฀a฀ ฀s฀y฀s฀t฀e฀m฀a฀t฀i฀c฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ Ĳ฀,฀ ฀C฀I฀λ 5,  ฀a฀n฀d  Ȥ฀2฀ w฀a฀s฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d  ฀a฀s฀ h e฀ ฀e฀n d o f  p h฀2฀1฀1  
฀I฀I฀.฀ ฀T฀h฀e฀ ฀m฀e฀a฀n฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀t฀i฀m฀e฀ ฀(฀M฀R฀T฀-฀V%c฀O฀2 p)฀ o f฀ ฀V%cO฀2฀p w฀a฀s฀ ฀c฀h฀a฀r฀a฀c฀t e฀r฀i฀z฀e฀d฀ ฀f฀r฀o฀m฀ ฀a฀ ฀f฀i฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀V%cO2 p ฀2฀1฀2฀ 
฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀f฀r฀o฀m฀ ฀t฀=฀0฀ ฀t฀o฀ ฀t฀h฀e฀ ฀e฀n฀d฀ ฀o฀f฀ ฀t฀h฀e฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀2฀1฀3฀ 
฀T฀h฀e฀ ฀T฀D฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀[฀H฀H฀b฀]฀ ฀(฀[฀H฀H฀b฀]฀-฀T฀D฀)฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀w฀a฀s฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ฀u฀s฀i฀n฀g฀ ฀s฀e฀c฀o฀n฀d฀-฀b฀y฀-฀s฀e฀c฀o฀n฀d฀ ฀2฀1฀4฀ 
฀d฀a฀t฀a฀ ฀a฀n฀d฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀t฀i฀m฀e฀,฀ ฀a฀f฀t฀e฀r฀ ฀t฀h฀e฀ ฀o฀n฀s฀e฀t฀ ฀o฀f฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀, a t  w฀h฀i c฀h฀ ฀t h฀e฀ ฀[฀H฀H b ]  s i g n a l฀ ฀2฀1฀5฀ 
฀i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀a฀b฀o฀v฀e฀ ฀1฀ ฀S฀D฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀e฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀v฀a฀l฀u฀e฀.฀ ฀D฀e฀t฀e฀r m฀i฀n a t i o n  o฀f฀ ฀t฀h฀e  [ H H฀b฀]฀-฀T D฀ ฀w฀a฀s฀ ฀2฀1฀6  
฀1฀1฀ 
฀ 
฀ 
฀m฀a฀d฀e฀ ฀o฀n฀ ฀e฀a฀c฀h฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀’฀s฀ ฀e฀n฀s฀e฀m฀b฀l฀e฀-฀a฀v฀e฀r฀a฀g฀e฀d฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀d฀a฀t฀a฀ ฀w฀e฀r฀e฀ ฀m฀o฀d e l฀e฀d฀ u s i฀n฀g฀ ฀2฀1฀7฀ 
฀e฀q฀u฀a฀t฀i฀o฀n฀ ฀1฀.฀ ฀D฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀f฀i฀t฀t฀i฀n฀g฀ ฀s฀tr a฀t e g i s  r a n g฀i฀n฀g  ฀f฀r฀o฀m฀ ฀λ฀0฀-฀1฀8฀0฀ ฀s฀ i n t o฀ ฀a฀ t r a n฀s฀i t i o n  ฀r e s฀u฀l฀t฀e฀d฀ ฀i฀n฀ ฀m฀i฀n฀i฀m฀a฀l฀ ฀2฀1฀8฀ 
฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀i฀n฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀o฀f฀ Ĳ฀[H฀H b ] .฀ ฀T h e  ฀M฀R฀T฀ ฀f฀o฀r฀ ฀[฀H฀H฀b฀]฀ ฀(฀M฀R฀T฀-฀[฀H฀H฀b] )  d e s c r฀i฀b฀e฀d฀ ฀ t h฀e  o฀v฀e฀r฀a฀l฀l฀ ฀2฀1฀λ฀ 
฀t฀i฀m฀e฀ ฀f฀o฀r฀ ฀[฀H฀H฀b฀]฀ ฀t฀o฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀s฀t฀a฀r฀t฀ ฀o฀f฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀t฀o฀ ฀6฀3฀%฀ ฀o฀f฀ ฀t฀h฀e฀ “฀s฀t฀e฀a d y฀- s t a t e ”฀ ฀v฀a฀l฀u฀e฀ ฀a฀n฀d฀ ฀w a s  ฀2฀2฀0  
฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀s฀u฀m฀ ฀o฀f฀ Ĳ฀[฀H฀H b ]  a n d฀ [฀H H฀b฀]฀-฀T฀D฀.฀ ฀2฀2฀1฀ 
฀ ฀2฀2฀2฀ 
In silico simulations. ฀T฀h฀e฀ ฀v฀a฀l฀i฀d฀a฀t฀e฀d฀ ฀m฀u฀l฀t฀i฀-฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀a฀l฀ ฀m฀o฀d฀e฀l฀ ฀(฀M฀C฀M฀)฀ ฀o฀f฀ ฀B฀e฀n฀s฀o฀n฀ et al.฀ ฀(฀2฀0฀1฀3฀)฀ ฀2฀2฀3฀ 
฀w฀a฀s฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀ ฀t฀h฀e฀ ฀d฀is s o฀c i a t i o n  b฀e฀t w฀e฀e฀n฀ ฀m฀u฀s฀c฀l฀e฀ ฀a฀n฀d฀ ฀p฀u฀lm฀o n a r y  ฀V%cO2฀ k i n e฀t i s .  B r i฀e f฀l฀y฀,฀ ฀2฀2฀4฀ 
฀m฀a฀t฀h฀e฀m฀a฀t฀i฀c฀a฀l฀ ฀e฀x฀p฀r฀e฀s฀s฀i฀o฀n฀s฀ ฀f฀o฀r฀ ฀O฀2  d l i฀v e r฀y  ( Q%c) ,  m฀u฀s฀c฀l e฀ ฀O2  u p t a k e ,  a n฀d฀ ฀a฀ ฀l฀u฀m฀p฀e฀d฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀ ฀2฀2฀5฀ 
฀r฀e฀p฀r฀e฀s฀e฀n฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀r฀e฀s฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀b฀o฀d฀y฀ ฀w฀e฀r฀e฀ ฀j฀o฀i฀n฀e฀d฀ ฀i฀n฀ ฀p฀a฀r฀a฀l฀l฀e฀l฀ ฀b฀y฀ ฀a฀ s i n g l a r t฀e฀r฀i฀a l  c o m฀p฀a฀r฀t฀m฀e n t฀ ฀a฀n d  ฀2฀2฀6฀ 
฀m฀u฀l฀t฀i฀p฀l฀e฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀o฀n฀ ฀t฀h฀e฀ ฀v฀e฀n฀o฀u฀s฀ ฀s฀i฀d฀e฀ ฀(฀r฀e฀p฀r฀e฀s฀e฀n฀t฀i฀n฀g฀ ฀b฀l฀o฀o฀d฀ ฀d฀ra i n i n g t h e  ฀m u s c l e ,  t h  r e s t฀ ฀o฀f  ฀2฀2฀7฀ 
฀t฀h฀e฀ ฀b฀o฀d฀y฀,฀ ฀a฀n฀d฀ ฀a฀ ฀m฀i฀x฀e฀d฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀ ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀b฀l฀o฀o฀d฀ ฀v฀o฀l฀u฀me  ฀p฀r฀o฀x i฀m a฀l฀ ฀t฀o฀ ฀t฀h฀e฀ ฀c฀o฀m฀m o n฀2฀2฀8  
฀f฀e฀m฀o฀r฀a฀l฀ ฀v฀e฀i฀n฀s฀)฀.฀ ฀T฀h฀e฀ ฀f฀r฀a฀c฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀o฀t฀a฀l฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀ ฀(฀f฀r฀o฀m฀ ฀m฀u฀s฀c฀l฀eμ฀ 0 . 5 7 ;  ฀f฀r฀o m  b o฀d฀y฀ 0฀.฀4฀3฀)฀ ฀a฀n฀d฀ ฀2฀2฀λ฀ 
฀c฀a฀r฀d฀i฀a฀c฀ ฀o฀u฀t฀p฀u฀t฀ ฀(฀Q%c฀;  t o  m฀u฀s฀c฀l฀e฀μ฀ ฀0฀.฀5฀7฀;฀ ฀t฀o฀ ฀b฀o฀d฀y฀ ฀0฀.฀4฀3฀)฀ ฀fo฀r  ฀u฀n฀l฀o฀a฀d฀e฀d฀ ฀p฀e฀d฀a฀l฀i n g฀ ฀a฀n฀d฀ ฀v฀e฀n฀o฀u฀s฀ ฀b฀l฀o฀o฀d฀ ฀2฀3฀0฀ 
฀v฀o฀l฀u฀m฀e฀ ฀a฀s฀s฀o฀c฀i฀a฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀m฀u฀s฀c฀l฀e฀ ฀(฀0฀.฀7฀ ฀L฀)฀,฀ ฀b฀o฀d฀y฀ ฀(฀0฀.฀1฀ ฀L฀)฀,฀ ฀a฀n฀d฀ ฀m฀i฀x฀e฀d฀ ฀c฀o฀m฀p a r t฀m e n฀t s  ( 2 . 3  L )  w e r฀e  ฀2฀3฀1฀ 
฀f฀i฀x฀e฀d฀ ฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀ ฀W฀R฀ ฀a฀n฀d฀ ฀k฀i฀n฀e฀t฀i฀c฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀f฀o฀r฀ ฀m฀u฀s฀c฀l฀e฀ ฀a฀n฀d฀ ฀b฀o฀d฀y฀ ฀Q%c ( Q%cm฀ ฀a฀n฀d฀ ฀Q%c฀b )  a n฀d฀ ฀V%cO฀2  ( V%cO฀2 m ฀2฀3฀2฀ 
฀a฀n฀d฀ ฀V%cO฀2฀b) ฀w฀e฀r฀e฀ ฀m฀a฀n฀i฀p฀u฀l฀a฀t฀e฀d฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀l฀y฀ ฀t฀o฀ ฀m฀i฀m฀i฀c฀ ฀t฀h฀e฀ ฀p฀r฀e฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀c฀o฀n฀d฀i฀t i o n฀s  o฀f฀ ฀t฀h฀e฀ in vivo ฀2฀3฀3฀ 
฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀s฀ ฀a฀n฀d฀ ฀p฀r฀e฀d฀i฀c฀t฀ ฀p฀h฀a฀s฀e฀ ฀I฀ ฀a฀n฀d฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%c฀O฀2 p฀ ฀k฀i n฀e฀t฀i c s .  T h e  o฀u฀t p u t  o f  t h e  ฀m฀o฀d฀e฀l฀ ฀w฀a฀s฀ ฀2฀3฀4฀ 
฀i฀n฀s฀t฀a฀n฀t฀a฀n฀e฀o฀u฀s฀ ฀V%c฀O2 p฀(t฀) μ   ฀2฀3฀5  
฀ ฀2฀3฀6฀ 
฀  ฀  ฀  ฀  ฀ V%c฀O฀2฀p(t฀)฀ =฀ ฀Q%c(t ) ฀∙฀ ( C฀a O฀2฀ ฀–฀ ฀Cv%?฀O2฀)฀(t ) ฀  ฀  ฀ (฀ 2฀ )฀  ฀2฀3฀7฀ 
฀ ฀2฀3฀8฀ 
฀1฀2฀ 
฀ 
฀ 
฀w฀h฀e฀r฀e฀ ฀C฀a฀O฀2฀ i฀s  ฀a฀r฀t฀e฀r฀i฀a฀l฀ ฀c฀o฀n฀t฀e฀n฀t฀ ฀(฀f฀i฀x฀e฀d฀ ฀t฀o฀ ฀2฀0฀ ฀m฀L฀ ฀O฀2฀ ฀p฀e฀r฀ 1฀0฀0฀ ฀m L  o f  b l o o d )฀,฀ ฀C฀v%?O฀2฀ ฀i฀s฀ ฀m฀i฀x฀e฀d฀ ฀v฀e฀n o฀u฀s฀ ฀2฀3฀λ฀ 
฀O฀2฀ ฀c฀o฀n฀t฀e฀n฀t฀.฀ ฀D฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀s฀i฀m฀u฀l฀a฀t฀e฀d฀ ฀e฀x฀e r฀c฀i฀s฀e฀ ฀s฀t฀e฀p฀-฀t r฀a฀n฀s฀i t฀i฀o฀n฀s฀,฀ ฀Q%c฀m฀ ฀a฀n฀d  V%cO2฀m฀ i n c r a s e d  e x p฀o฀n฀e฀n฀t฀i฀a฀l฀l฀y฀ ฀2฀4฀0  
฀a฀c฀c฀o฀r฀d฀i฀n฀g฀ ฀t฀o฀ ฀e฀q฀u฀a฀t฀i฀o฀n฀ ฀1฀ ฀(฀w฀i฀t฀h฀ ฀T฀D฀ ฀=฀ ฀0฀)฀,฀ ฀t฀o฀w฀a฀r฀d฀ ฀t฀h฀e฀i฀r฀ ฀W฀R฀-฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀s฀t฀e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀ ฀v฀a฀l฀u฀e฀s฀ ฀w฀i฀t h฀ ฀a฀ ฀2฀4฀1฀ 
฀s฀t฀e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀o฀f฀ ฀6฀ ฀L฀∙฀m฀i฀n฀-฀1฀  ฀ p e r฀  ฀ 1  L฀ ∙฀ m i n฀-฀1 o f฀  V%c฀O฀2฀.฀ T฀h฀e฀ i฀n฀t฀e฀r฀c฀e p฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀Q%c- t o -฀V%cO฀2  ฀2฀4฀2฀ 
฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀w฀a฀s฀ ฀s฀e฀t฀ ฀t฀o฀ ฀3฀.฀6฀ ฀L฀∙฀m฀i฀n฀-฀1 (฀B฀e n o n  et al.  ฀2 0 1 3฀) .  V฀a฀l฀u฀e฀s  o฀f฀ ฀V%cO฀2฀ w e r e  d e p e n฀d฀e฀n฀t฀ ฀o฀n฀ ฀W฀R฀ ฀2฀4฀3฀ 
฀i฀n฀p฀u฀t฀s฀ ฀a฀n฀d฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀a฀l฀ ฀g฀a฀i฀n฀s฀ ฀(฀i฀.฀e฀.฀,฀ ฀∆฀V%c฀O2 / ∆ W฀)฀ ฀o฀f฀ ฀λ฀.฀5฀,฀ ฀1฀1฀.฀0฀,฀ ฀a฀n d  ฀-฀1฀.฀5฀ ฀m฀L฀∙฀m฀i฀n฀-฀1฀∙฀W฀-฀1 ฀f o r  V%cO฀2 p,  %cO2฀m,฀ ฀2฀4฀4  
฀a฀n฀d฀ ฀V%cO฀2฀b,  ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀ ฀a฀s฀ ฀p฀r฀e฀v฀i฀o฀u฀s฀l฀y฀ ฀d฀e฀s฀c฀r฀i฀b฀e฀d฀ ฀(฀B฀e฀n฀s฀o฀n฀ et al.  2 0 1 3฀)฀.  V฀a฀l฀u฀e฀s฀ f o฀r  Q%c i n t h e  ฀v a r i฀o฀u s  ฀2฀4฀5฀ 
฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀w฀e฀r฀e฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀a฀f฀o฀r฀e฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀Q%c฀-฀t฀o฀-฀V%cO2  r e l a t i฀o n s h i p .    ฀2฀4฀6฀ 
฀ ฀E฀x฀e฀r฀c฀i฀s฀e฀ ฀w฀a฀s฀ ฀s฀i฀m฀u฀l฀a฀t฀e฀d฀ ฀f฀o฀r฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀b฀y฀ ฀s฀p฀e฀c฀i฀f฀y฀i฀n g  a  s t p - c h฀a฀n฀g฀e฀ ฀i฀n฀ ฀2฀4฀7฀ 
฀W฀R฀.฀ ฀I฀n฀i฀t฀i฀a฀l฀l฀y฀,฀ ฀t฀h฀e฀ ฀s฀t฀e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀ ฀V%cO2฀p฀ b a s e l฀i฀n e  f฀o฀r฀ ฀2฀0  W฀ ฀w฀a฀s฀ ฀s฀e฀t฀ ฀t฀o฀ ฀0฀.฀7฀5฀ ฀L฀∙฀m฀i฀n฀-฀1฀ ฀a฀n฀d฀ Ĳ฀V%cO2 m n d฀ ฀2฀4฀8฀ 
Ĳ฀Q%c฀m฀ w฀e฀r฀e฀ ฀m฀o฀d฀u฀l฀a฀t฀e฀d฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀g฀e฀n฀e฀r฀a฀t฀e฀ ฀a฀ Ĳ฀V%cO฀2฀p฀ v฀a฀l฀u฀e฀ ฀t฀h฀a฀t฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀2฀4฀λ฀ 
Ĳ฀V%c฀O฀2฀p฀ f฀r฀o฀m฀ ฀t฀h฀e฀ ฀2฀0฀ ฀W฀ ฀t฀o฀ ฀6฀0฀ ฀W฀ ฀s฀t฀e฀p฀.฀ ฀T฀h฀e฀r฀e฀a฀f฀t฀e฀r฀,฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀s฀ ฀w฀e฀r฀e฀ ฀d฀o฀n฀e฀ ฀f฀o r  ฀∆ 4 0 W฀ ฀s฀t฀e฀p฀-฀c฀h฀a฀n g e s฀ ฀2฀5฀0฀ 
฀f฀r฀o฀m฀ ฀4฀0฀,฀ ฀6฀0฀,฀ ฀8฀0฀,฀ ฀1฀0฀0฀,฀ ฀a฀n฀d฀ ฀1฀2฀0฀ ฀W฀ ฀a฀n฀d฀ ฀f฀o฀r฀ ฀∆฀6฀0฀W฀,฀ ฀∆฀8฀0฀W฀,฀ ฀a฀n฀d฀ ฀∆฀1฀0฀0฀W฀ ฀s฀t฀e฀p฀- c h฀a n g e s  f r฀o m฀ 2  ฀W  ฀2฀5฀1฀ 
฀w฀i฀t฀h฀ ฀f฀i฀x฀e฀d฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀i฀n฀p฀u฀t฀s฀ ฀f฀o฀r฀ Ĳ฀V%cO฀2฀m ฀a฀n฀d฀ Ĳ Q%c฀m  i n  o r d e r  t o  d e฀t฀e฀r฀m฀i฀n฀e฀ ฀t฀h฀e฀ ฀d฀e฀g฀r฀e฀e฀ ฀b฀y฀ ฀w฀h฀i฀c฀h฀ ฀2฀5฀2฀ 
฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀m฀o฀d฀u฀l฀a฀t฀e฀ ฀t฀h฀e฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀o฀f฀ ฀V%c฀O฀2 p ฀a฀t฀ ฀a฀ c o n฀s฀t฀a฀n฀t฀ Ĳ฀V%cO฀2฀m ฀a n d฀ v a฀r y i฀n฀g฀ ฀m฀o฀d฀e฀r a t฀e -฀2฀5฀3฀ 
฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀a฀n฀d฀ ฀W฀R฀ ฀i฀n฀c฀r e m฀e฀n฀t฀s฀.  ฀I฀n  ฀a฀d฀d฀i฀t i o ,฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀s฀ ฀w฀e฀r฀e฀ ฀p฀r฀o฀d฀u฀c฀e฀d฀ ฀t฀o฀ ฀e฀x฀a฀m฀i฀n฀e฀ ฀2฀5฀4  
฀t฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀s฀l฀o฀w฀i฀n฀g฀ ฀Q%c฀m฀ d y n a฀m฀i฀c฀s฀ ฀o฀n฀ ฀t฀h฀e฀ ฀V%cO฀2 p  p r o f i฀l฀e฀;  f฀o฀r฀ ฀e฀a฀c฀h฀ ฀o฀f฀ ฀t฀h฀e฀ ฀∆฀4฀0฀W฀ ฀s฀t฀e฀p฀-฀c฀h฀a฀n฀g฀e฀s฀,฀ ฀2฀5฀5  
Ĳ฀V%c฀O฀2฀m฀ w฀a฀s฀ ฀f฀i฀x฀e฀d฀ ฀t฀o฀ ฀e฀a฀c฀h฀ ฀o฀f฀ ฀2฀0฀,฀ ฀3฀0฀,฀ ฀a฀n฀d฀ ฀4฀0฀ ฀s฀,฀ ฀a฀n฀d฀ ฀a฀ ฀s฀e฀r฀i฀e฀s฀ ฀o฀f฀ ฀s฀i฀m฀u฀l฀a฀t฀io n s฀ ฀o฀f  ฀V%cO2฀p w฀a s  ฀p r o d u c฀e฀d฀ ฀2฀5฀6฀ 
฀w฀h฀e฀r฀e฀ Ĳ฀Q%cm฀ ฀w฀a฀s฀ ฀v฀a฀r฀i฀e฀d฀ ฀(฀M฀a฀c฀P฀h฀e฀e฀ et al.฀ ฀2฀0฀0฀5฀)฀.  I฀n฀ ฀a฀l฀l฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀,฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀r฀e฀g฀i฀o฀n฀ ฀2฀5฀7฀ 
฀o฀f฀ ฀t฀h฀e฀ ฀V%cO฀2฀p  o฀u฀t฀p฀u฀t฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀s฀ ฀w฀a฀s฀ ฀f฀i฀t฀t฀e฀d฀ ฀t฀o฀ ฀e฀q฀u฀a฀t฀i฀o฀n฀ ฀1฀,฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀e฀n฀d฀ ฀o฀f฀ ฀p฀h฀a฀s฀e฀ ฀I฀ ฀b฀e฀i฀n฀g  ฀2฀5฀8฀ 
฀i฀d฀e฀n฀t฀i฀f฀i฀e฀d฀ ฀p฀r฀e฀c฀i฀s฀e฀l฀y฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀p฀r฀o฀f฀i฀l฀e฀ ฀o฀f฀ ฀s฀i u฀l฀a฀t฀e฀d฀ ฀C฀v%?O฀2 .฀ ฀  ฀2฀5฀λ  
฀T฀o฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀ ฀h฀o฀w฀ ฀t฀h฀e฀ ฀h฀o฀m฀o฀g฀e฀n฀i฀z฀e฀d฀ ฀V%c฀O฀2 p฀ r e s฀p฀o n s e  ฀t฀o฀ ฀a฀ s t e p - c h a฀n฀g฀e฀ i n  ฀W R฀ ฀f r o m฀ ฀2฀0฀ ฀t฀o฀ ฀2฀6฀0฀ 
฀1฀2฀0฀ ฀W฀ ฀m฀a฀y฀ ฀b฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀d฀ ฀b฀y฀ ฀m฀u฀l฀t฀i฀p฀l฀e฀ ฀m฀u฀s฀c฀l฀e฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀w฀i฀t฀h฀ ฀h฀e฀t฀e฀r฀o฀g฀e฀n฀e฀o u฀s  ฀m e t฀a฀b฀o l i฀c฀ ฀a฀n฀d฀ ฀2฀6฀1฀ 
฀1฀3฀ 
฀ 
฀ 
฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀,฀ ฀t฀h฀e฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀d฀y฀n฀a฀m฀i฀c฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀o฀f฀ ฀V%c฀O฀2 p a n d  [ H฀H฀b฀]฀ ฀f฀r฀o฀m  e a฀c h  o฀f฀ ฀t h฀e฀ ฀2฀6฀2฀ 
฀e฀q฀u฀a฀l฀ ฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀ ฀s฀t฀e฀p฀s฀ ฀(฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀)฀ ฀w฀e฀r฀e฀ ฀u฀s฀ed  t o  i n f e r  t h e  V%c฀O฀2 m  ฀a฀n฀d฀ ฀Q%cm฀2฀6฀3฀ 
฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀o฀f฀ ฀s฀i฀x฀ ฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀m฀u฀s฀c฀l฀e฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀(Ĳ฀V%cO฀2฀m฀ =  ฀1 5 ,  ฀2 0 ,฀ ฀2฀5฀,฀ ฀3฀0฀,฀ ฀3 5 ,  4 0  ฀s฀ ฀a฀n d฀ Ĳ฀Q%cm  =  2 ,  ฀2฀6฀4฀ 
฀2฀5฀,฀ ฀3฀0฀,฀ ฀3฀5฀,฀ ฀4฀0฀,฀ ฀4฀5฀ ฀s฀ ฀f฀o฀r฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀1฀ ฀–฀ ฀6฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀)฀ ฀a฀s฀s฀um฀i฀n฀g฀ ฀t h t  b฀o t฀h  Ĳ V%cO฀2฀m฀ ฀a฀n d  Ĳ Q%c฀  ฀2฀6฀5฀ 
฀l฀i฀n฀e฀a฀r฀l฀y฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀a฀s฀ ฀a฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀W฀R฀.฀ ฀A฀s฀s฀u฀m฀i฀n฀g฀ ฀s฀i฀m฀u฀l฀t฀a฀n฀e฀o฀u฀s฀ ฀a฀c฀t฀i฀v฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀e฀q u฀a฀l  c o n t r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀2฀6฀6  
฀o฀f฀ ฀e฀a฀c฀h฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀i฀x฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀,฀ ฀t฀h฀e฀ ฀h฀o฀m฀o฀g฀e฀n฀i฀z฀e฀d฀ ฀V%c฀O2฀p ฀r฀e s p o n฀s  t o  a  s t e p - c฀h฀a฀n฀g฀e  ฀i฀n฀ ฀W฀R฀ ฀f฀r฀o฀m฀ ฀2฀6฀7฀ 
฀2฀0฀ ฀t฀o฀ ฀1฀2฀0฀ ฀W฀ ฀w฀a฀s฀ ฀s฀i฀m฀u฀l฀a฀t฀e฀d฀ ฀f฀o฀r฀ ฀e฀a฀c฀h฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀ ฀a฀n฀d฀ ฀c฀o฀m฀b฀i฀n฀e฀d฀ ฀i฀n฀t฀o฀ a฀ ฀s i n฀g฀l e  h o m฀o g e n฀i฀z d  ฀2฀6฀8฀ 
฀r฀e฀s฀p฀o฀n฀s฀e฀.฀ ฀T฀h฀e฀ ฀a฀v฀e฀r฀a฀g฀e฀d฀ ฀V%cO฀2฀p  o฀u฀t฀p฀u฀t฀ w฀a฀s฀ ฀m฀o฀d฀e฀l฀e฀d฀ ฀a฀s฀ ฀p฀r฀e฀v฀i฀o฀u฀s฀l฀y฀ ฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀a฀n฀d฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀w฀e฀r฀e฀ ฀2฀6฀λ฀ 
฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀a฀c฀t฀u฀a฀l฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀V%c฀O2฀p฀ r e s฀p o n s e  t o  t฀h฀e  ฀s฀t e p -฀c฀h฀an g e฀ i n  W R  f r o฀m  ฀2฀0฀ ฀t฀o฀ ฀1฀2฀0฀ ฀W฀.฀ ฀ ฀2฀7฀0฀ 
฀ ฀2฀7฀1฀ 
Statistical Analysis. ฀D฀a฀t฀a฀ ฀a฀r฀e฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀a฀s฀ ฀m฀e฀a฀n฀s฀ ฀±฀ ฀S฀D฀.฀ ฀A฀ ฀o฀n฀e฀-฀w฀a฀y฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀v฀a฀r฀i฀a฀n฀ce  ฀2฀7฀2฀ 
฀(฀A฀N฀O฀V฀A฀)฀ ฀f฀o฀r฀ ฀r฀e฀p฀e฀a฀t฀e฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀ ฀w฀a฀s฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀c฀o฀m฀p฀a฀r฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀ ฀p฀a฀r฀a฀m฀e฀t e r s  a n d  v a r i a b l e s  b e t฀w฀e฀e฀n  ฀2฀7฀3฀ 
฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀.฀ ฀W฀h฀e฀r฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀m฀a฀i฀n฀ ฀e฀f฀f฀e฀c฀t฀s฀ ฀w฀e฀r฀e฀ ฀f฀o฀u฀n฀d฀,฀ ฀a฀ ฀T฀u฀k฀e฀y฀’฀s฀ post hoc฀ ฀a฀n฀a l y฀s i s  w฀a฀s฀ ฀2฀7฀4฀ 
฀p฀e฀r฀f฀o฀r฀m฀e฀d฀ ฀f฀o฀r฀ ฀m฀u฀l฀t฀i฀p฀l฀e฀ ฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀s฀ t e s t i n g฀.  A฀l l฀ ฀s t a฀t฀i฀s฀t฀i฀c฀a฀l฀ ฀a฀n฀al y s e฀s฀ ฀w e r e฀ ฀p฀e r฀f฀o r฀m e d฀ ฀u฀s฀i฀n฀g฀ ฀2฀7฀5฀ 
฀S฀i฀g฀m฀a฀P฀l฀o฀t฀ ฀V฀e฀r฀s฀i฀o฀n฀ ฀1฀1฀.฀0฀,฀ ฀(฀S฀y฀s฀t฀a฀t฀ ฀S฀o฀f฀t฀w฀a฀r฀e฀ ฀I฀n฀c฀.฀,฀ ฀S฀a฀n฀ ฀J฀o฀s฀e฀,฀ ฀C฀A฀)฀.฀ ฀St฀a t฀i฀s฀t฀i฀c฀a฀l฀ s i g฀n i f i c฀a n c e  w฀a฀s฀ ฀2฀7฀6฀ 
฀a฀c฀c฀e฀p฀t฀e฀d฀ ฀a฀t฀ ฀a฀n฀ ฀a฀l฀p฀h฀a฀ ฀l฀e฀v฀e฀l฀ ฀o฀f฀ ฀5฀%฀.฀ ฀2฀7฀7฀ 
฀ ฀2฀7฀8฀ 
5HVXOWV฀2฀7฀λ฀ 
฀ ฀T฀h฀e฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ L฀ˆș ฀w฀a฀s฀ ฀2฀. 2 2  ฀±฀ ฀0฀.฀3฀2฀ ฀L฀∙฀m฀i฀n฀-฀1฀ (฀r฀a฀n฀g฀e฀μ฀ ฀1฀.฀8 5฀ ฀–฀ ฀3฀.฀0฀0฀ ฀L฀∙฀m฀i฀n฀-฀1) ,  ฀w h i฀c h  ฀2฀8฀0฀ 
฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀e฀d฀ ฀t฀o฀ ฀a฀ ฀m฀e฀a฀n฀ ฀W฀R฀ ฀o฀f฀ ฀1฀6฀1฀ ฀±฀ ฀3฀4฀ ฀W฀ ฀(฀r฀a฀n฀g฀e฀μ฀ ฀1฀3฀0฀ ฀–฀ ฀2฀4฀0฀ ฀W฀)฀.฀ ฀Th฀e฀r฀e฀f฀o฀r฀e฀,฀ t h e  W฀R฀ a฀s฀s฀o฀c฀i a t e฀d฀ ฀2฀8฀1฀ 
฀w฀i฀t฀h฀ ฀Lˆș f฀o฀r฀ ฀a฀l฀l฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀w฀a฀s฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀m฀a฀x฀i฀m฀u฀m฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀fr฀o฀m  w฀h฀i฀c฀h฀ ฀s฀t฀e฀p฀-฀2฀8฀2฀ 
฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀w฀e฀r฀e฀ ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀ ฀i฀n฀ ฀t฀h฀ee฀x p r m e฀n฀t฀a฀l฀ ฀p฀r฀o฀t฀o฀c฀o฀l฀ ฀(฀i฀.฀e฀.฀,฀ ฀1฀2฀0฀ ฀W฀)฀.฀ ฀T฀h฀e฀ ฀4฀0฀ ฀W฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀2฀8฀3  
฀b฀a฀s฀e฀l฀i฀n฀e฀s฀ ฀o฀f฀ ฀2฀0฀,฀ ฀4฀0฀,฀ ฀6฀0฀,฀ ฀8฀0฀,฀ ฀1฀0฀0฀,฀ ฀a฀n฀d฀ ฀1฀2฀0฀ ฀W฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀e฀d฀ ฀t฀o฀ ฀3฀5฀ ±  ฀6฀,  4 3฀ ±฀ 7฀,฀ 5 1  ±  8 ,  ฀6฀0฀ ฀±฀ ฀λ฀,฀ ฀6฀8฀ ±฀ ฀2฀8฀4฀ 
฀1฀4฀ 
฀ 
฀ 
฀1฀0฀,฀ ฀7฀8฀ ฀±฀ ฀1฀2฀ ฀%฀ ฀o฀f฀ ฀V%c฀O฀2฀p฀ a t  ฀Lˆș ฀,฀ ฀a฀n฀d฀ ฀t h฀e฀ ฀s฀t฀e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀ ฀V%cO฀2฀p฀ a฀c฀h i฀e฀v฀e฀d  c o r r e฀s฀p฀o฀n฀d฀e฀d฀ ฀t฀o฀ ฀5฀0฀ ฀±฀ ฀8฀,฀ ฀6฀0฀ ฀±฀ ฀λ฀,฀ ฀2฀8฀5฀ 
฀6฀8฀ ฀±฀ ฀1฀0฀,฀ ฀7฀8฀ ฀±฀ ฀1฀1฀,฀ ฀8฀7฀ ฀±฀ ฀1฀2฀,฀ ฀λ฀7฀ ฀±฀ ฀1฀4฀ ฀%฀ ฀o฀f฀ ฀L฀ˆș .  B a s e d  o n  t h e  s t e a d y฀-฀s฀t฀a฀t฀e฀ ฀V%cO฀2฀p ฀a฀c h฀i e฀v฀e d฀,  f o u฀r฀ (฀o฀f฀ ฀2฀8฀6฀ 
฀1฀4฀)฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀e฀d฀ ฀i฀n฀t฀o฀ ฀t฀h฀e฀ ฀h฀e฀a฀v฀y฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀d฀o฀m฀a฀i฀n฀ ฀a฀t฀ ฀1฀6฀0฀ ฀W  ฀a฀n฀d฀ ฀o฀n฀e฀ ฀a฀t฀ ฀1฀4฀0฀ ฀W฀.  ฀2฀8฀7฀ 
฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀r฀e฀m฀o฀v฀a฀l฀ ฀o฀f฀ ฀t฀h฀e฀s฀e฀ ฀d฀a฀t฀a฀ post hoc฀ ฀d i฀d฀ n o t  a l฀t฀e฀r฀ ฀t฀h฀e฀ ฀o฀v฀e฀r฀a฀l฀l฀ ฀s฀t฀u฀d฀y฀ ฀o฀u฀t฀c฀o฀m฀e฀s฀ ฀d฀e฀s฀c฀r฀i฀b฀e฀d฀ ฀2฀8฀8฀ 
฀b฀e฀l฀o฀w฀.฀ ฀2฀8฀λ฀ 
฀T฀a฀b฀l฀e฀ ฀1฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%cO฀2฀p฀ p a r a฀m฀e฀t฀e฀r฀s  f o r  e฀a฀c฀h฀ ฀o฀f฀ ฀t฀h฀e฀ ฀v฀ar i฀a b l e  ฀b฀a฀s฀e฀l฀i฀n e  ฀c o n฀d฀i฀t฀i฀o฀n฀s฀.฀ ฀2฀λ฀0฀ 
฀T฀h฀e฀ ฀e฀n฀s฀e฀m฀b฀l฀e฀-฀a฀v฀e฀r฀a฀g฀e฀d฀ ฀g฀r฀o฀u฀p฀ ฀p฀r฀o฀f฀i฀l฀e฀s฀ ฀o฀f฀ ฀V%c฀O2฀p ฀f฀o฀r฀ t h e  v a r i a b l฀e  b a e l i n e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀ ฀a฀r฀e฀ ฀d฀i฀s฀p฀l฀a฀y฀e฀d฀ ฀2฀λ฀1฀ 
฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀2฀.฀ ฀I฀n฀ ฀e฀a฀c฀h฀ ฀p฀a฀n฀e฀l฀,฀ ฀a฀ ฀m฀o฀n฀o฀-฀e฀x฀p฀o฀n฀e฀n฀t฀i฀a฀l฀ ฀f฀i฀t฀ ฀d฀e฀r฀i฀v฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀p฀a฀r฀a฀m e t e r  ฀2฀λ฀2  
฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀(฀f฀r฀o฀m฀ ฀e฀q฀u฀a฀t฀i฀o฀n฀ ฀1฀)฀ ฀i฀s฀ ฀s฀u฀p฀e฀r฀i฀m฀p฀o฀s฀e฀d฀ ฀o฀v฀e฀r฀ ฀t฀h฀e฀ ฀d฀a฀t฀a฀.฀ ฀A฀s฀ ฀d฀e฀s฀i฀g฀n฀e฀d฀,฀ ฀V%c฀O฀2 p฀B฀S฀L  i n c r e a s e d  ฀2฀λ฀3฀ 
฀(฀p฀<฀0฀.฀0฀5฀)฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀2฀0฀ ฀W฀ ฀t฀o฀ ฀1฀2฀0฀ ฀W฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀io n฀s฀ ( T a฀b฀l e  1 ) .฀ ฀D e s p i฀t฀e฀ ฀c o฀n฀s฀t a n฀t฀ ฀2฀λ฀4฀ 
฀∆฀W฀R฀,฀ ฀t฀h฀e฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀f฀o฀r฀ ฀A฀,฀ ฀G฀P  ฀a฀n d  Ĳ฀V%c฀O2฀p ฀ i n c฀ r฀ e฀ a฀ s e d฀  ฀ p r o g฀ r฀ e฀ s฀ s฀ i฀ v฀ e฀ l฀ y฀  ฀ w฀ i฀ t฀ h฀  ฀ i฀ n฀ c฀ r฀ e฀ a฀ s฀ i฀ n฀ g฀  ฀2฀λ฀5฀ 
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀(฀p฀<฀0฀.฀0฀5฀;฀ ฀s฀e฀e฀ ฀T฀a฀b฀l฀e฀ ฀1฀ ฀a฀n d  ฀F฀i฀g฀u฀r฀e  ฀3฀ ฀f฀o฀r฀ ฀p฀a฀i฀r฀w฀i฀s฀e฀ ฀d฀i฀f฀fe฀r e n฀c฀e s ) .  ฀2฀λ฀6฀ 
฀T฀h฀e฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%c฀O฀2฀p฀ f฀i฀t฀s฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀a฀s฀e฀l i n฀2฀λ฀7฀ 
฀c฀o฀n฀d฀i฀t฀i฀o฀n฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀a฀r฀e d i s p l a y฀e฀d฀ ฀i n฀ ฀T฀a฀b฀l฀e฀ ฀2฀.฀ ฀F฀i฀g฀u฀r฀e 4  s h o w s  t h e  m฀e฀a฀n฀ ฀V%cO฀2 p r e s p฀o n s e s  ฀2฀λ฀8฀ 
฀f฀o฀r฀ ฀∆฀4฀0฀,฀ ฀∆฀6฀0฀,฀ ฀∆฀8฀0฀,฀ ฀∆฀1฀0฀0฀ ฀W฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀a฀ ฀2฀0฀ ฀W฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀.฀ ฀A฀s฀ d e฀s฀i฀g฀n฀e฀d฀,฀ V%cO฀2 p B฀S฀L  d i d฀ ฀n฀o฀t฀ ฀2฀λ฀λ฀ 
฀c฀h฀a฀n฀g฀e฀ ฀(฀p฀>฀0฀.฀0฀5฀)฀ ฀a฀m฀o฀n฀g฀s฀t฀ ฀t฀h฀e฀s฀e  ฀s฀t฀e฀p฀-฀t r a n i t i o n฀s฀ ฀a฀n฀d฀ ฀A ฀i c r e a s฀e฀d฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀ ฀w฀i฀t฀h฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀W฀R฀ ฀3฀0฀0฀ 
฀i฀n฀c฀r฀e฀m฀e฀n฀t฀.฀ ฀T฀h฀e฀ ฀GP฀ i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀(฀p฀<฀0฀.฀0฀5฀,฀ ฀m฀a฀i฀n฀ ฀e฀f฀f฀e฀c฀t฀)฀ ฀d฀u฀r฀i฀n฀g฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀t฀o฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀m฀o d r a t e -฀3฀0฀1  
฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀W฀R฀s฀,฀ ฀b฀u฀t฀ ฀t฀h฀e฀r฀e฀ ฀w฀a฀s฀ ฀n฀o฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀i฀n฀ Ĳ฀V%c฀O2฀p a฀m o n฀g฀ t h e  d i฀f฀f฀e฀r฀e฀n t฀ ฀∆ W฀R฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀3฀0฀2  
฀(฀p฀>฀0฀.฀0฀5฀)฀.฀ ฀T฀h฀e฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀s฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀A฀,฀ Ĳ฀V%c฀O2฀p฀ o r  G฀P฀, a฀n฀d฀ t h฀e฀ ฀W R  i n c r e m e n t  ฀a r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀3฀0฀3฀ 
฀5฀.฀ ฀3฀0฀4฀ 
฀T฀h฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀o฀f฀ ฀[฀H฀H฀b฀]฀ ฀u฀n฀d฀e฀r฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀a฀n฀d฀ ฀c฀o฀n฀s฀t฀a฀n฀tb a s e฀l i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀a฀r฀e฀ ฀3฀0฀5฀ 
฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀s฀ ฀3฀ ฀a฀n฀d฀ ฀4฀ ฀w฀i฀t฀h฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀d฀i฀s฀p฀l฀a฀y฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀s฀ ฀6฀ ฀a฀n฀d฀ ฀7฀.฀ ฀S฀i฀m i฀l฀a฀r฀ t o  ฀3฀0฀6฀ 
฀V%c฀O฀2฀p,฀ Ĳ฀[฀H฀H฀b฀]฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀w฀i฀t฀h฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀V%cO฀2฀p฀B S฀L ฀(฀p฀< 0฀.฀0฀5 ,  ฀m฀a฀i฀n฀ e f฀f฀e฀c฀t฀)฀.฀ ฀B฀a฀s฀e฀l฀i฀n฀e฀ ฀[฀H฀H฀b฀]฀ ฀3฀0฀7  
฀1฀5฀ 
฀ 
฀ 
฀i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀(฀p฀<฀0฀.฀0฀5฀,฀ ฀m฀a฀i฀n฀ ฀e฀f฀f฀e฀c฀t฀)฀ a n d  [ H H฀b฀]฀- T฀D฀ ฀d฀e c r฀e a s฀e฀d฀ ฀(฀p฀<฀0฀.฀0฀5฀, m a i n  f f c t )  ฀w i฀t฀h฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀3฀0฀8  
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀(฀s฀e฀e฀ ฀T฀a฀b฀l฀e฀ ฀3฀ ฀f฀o฀r฀ ฀m฀u฀l฀t฀i฀p฀l฀e฀ ฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀s฀)฀.฀ ฀T฀h฀e฀ ฀∆฀[฀H฀H฀b฀]฀ a n d  M฀R฀T฀-฀[฀H H b฀]  w฀e฀r e  n o t  ฀3฀0฀λ฀ 
฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀(฀p฀>฀0฀.฀0฀5฀)฀ ฀w฀h฀e฀n฀ ฀t฀h฀e฀ ฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀ ฀w฀a฀s฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀(฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀b฀a฀s฀e฀l฀i n e  c o n d฀i t฀i฀o฀n ;฀ ฀T฀a฀b฀l฀e฀ ฀3฀)฀ ฀3฀1฀0฀ 
฀b฀u฀t฀,฀ ฀a฀s฀ ฀e฀x฀p฀e฀c฀t฀e฀d฀,฀ ǻ฀[฀H฀H฀b฀]฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀(฀p฀<฀0฀. 0 5 )฀ ฀w t h  i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ǻ฀W฀R ( c o n฀s฀t a n฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀;฀ ฀3฀1฀1฀ 
฀T฀a฀b฀l฀e฀ ฀4฀)฀.฀ ฀T฀h฀e฀r฀e฀ ฀w฀a฀s฀ ฀n฀o฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀ ฀(฀p฀>฀0฀.฀0฀5฀)฀ ฀o฀n฀ ฀[฀HH฀b฀]B฀S L,฀ ฀[฀H฀H฀b฀]฀-฀T D ,฀ ฀M฀R T -฀3฀1฀2฀ 
฀[฀H฀H฀b฀]฀,฀ ฀o฀r฀ Ĳ฀[฀H฀H฀b฀]฀ ฀i฀n฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀t฀an฀t  ฀b฀a฀s฀e l฀i฀n e  ฀c o n d i฀t฀i฀o฀n฀ ฀(฀T฀a฀b฀l฀e฀ ฀4฀)฀.฀ ฀ ฀3฀1฀3฀ 
฀T฀h฀e฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%c฀O฀2 p฀ k฀i n e t i c s฀ ฀a฀n฀d฀ ฀[฀H H b ]  k฀i฀n฀e฀t฀i฀c฀s฀ ฀w฀a฀s฀ ฀e฀x฀a฀m฀i฀n฀e฀d฀ ฀b฀y฀ ฀3฀1฀4฀ 
฀c฀o฀m฀p฀u฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀i฀n฀ ฀“฀t฀i฀m฀e฀ ฀t฀o฀ ฀r฀e฀a฀c฀h฀ ฀s฀t฀e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀”฀ ฀f฀o฀r฀ ฀b฀ot h  s i g n a l s฀ ฀(฀i฀.฀e฀.฀,฀ ( 4 *Ĳ฀V%c฀O฀2 p)  f o r  ฀3฀1฀5฀ 
฀V%c฀O฀2฀p฀ a฀n฀d฀ ฀(฀[฀H฀H฀b฀]฀-฀T฀D฀ ฀+฀ ฀4฀*Ĳ฀[฀H฀H฀b฀]฀)฀ ฀f฀o฀r฀ ฀[฀H฀H฀b฀]฀,฀ ฀i฀n฀ ฀s฀)฀ ฀(฀F฀i฀g฀u฀r฀e฀ ฀8฀)฀.฀ ฀A฀ ฀“฀s฀t฀e฀a฀dy - s t a฀t e ”฀ ฀f o฀r฀ ฀[฀H H฀b฀]฀ ฀w฀a s฀ ฀3฀1฀6  
฀r฀e฀a฀c฀h฀e฀d฀ ฀~฀ ฀4฀5฀ ฀s฀ ฀e฀a฀r฀l฀i฀e฀r฀ ฀t฀h฀a฀n฀ ฀f฀o฀r฀ ฀V%cO฀2฀p f o r  a l l  ∆ 4฀0฀W  ฀W฀R฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀(฀F฀i฀g฀u฀r฀e฀ ฀8฀A฀)฀ ฀a฀n฀d฀ ฀~฀3฀7฀ ฀s฀ ฀e฀a฀r฀l฀i฀e฀r฀ ฀3฀1฀7฀ 
฀f฀o฀r฀ ฀W฀R฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀a฀ ฀c฀o฀m฀m฀o฀n฀ ฀2฀0฀ ฀W฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀(฀F฀i฀g฀u฀r฀e฀ ฀8฀B฀)฀;฀ ฀r฀e฀s฀p o n s e s฀ ฀w฀e฀r฀e฀ ฀s i m i l฀a฀r฀ ฀b e t฀w e e n  ฀3฀1฀8฀ 
฀a฀n฀d฀ ฀w฀i฀t฀h฀i฀n฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀a฀n฀d฀ ฀c฀o฀n฀s฀t฀a฀n฀t ฀b a s e l i n e  c o n di฀t฀i฀o฀n฀s฀ ฀(฀p฀>฀0฀.฀0฀5฀,฀ ฀Fi g u r e฀s  8฀A a฀n฀d฀ ฀8฀B฀)฀.฀ ฀ ฀3฀1฀λ฀ 
฀T฀h฀e฀ in silico฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀s฀ ฀u฀s฀i฀n฀g฀ ฀t฀h฀e฀ in vivo฀ ฀e฀s฀t฀i m฀a฀t฀e฀d฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀f฀o฀r฀ ฀V%c฀O฀2 p k i n e฀t฀i฀c฀s฀ ฀a฀r฀e฀ ฀3฀2฀0฀ 
฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀λ฀.฀ ฀F฀i฀r฀s฀t฀,฀ ฀t฀h฀e฀ ฀o฀u฀t฀c฀o฀m฀e฀s฀ ฀f฀r฀o฀m฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀s฀ ฀p฀e฀rf o r m฀e฀d  t o  ฀d e t฀e r฀m i฀n฀e฀ ฀v฀a l฀u฀e฀s฀ ฀o฀f฀ ฀3฀2฀1฀ 
Ĳ฀V%c฀O฀2฀m฀ a฀n฀d฀ Ĳ฀Q%c฀m฀ ฀t฀h฀a฀t฀ ฀w฀o฀u฀l฀d฀ ฀e฀l฀i฀c฀i฀t฀ ฀a฀ Ĳ฀V%c฀O฀2 p฀ ฀o฀f฀ ฀2 2  s  f o r  ฀t฀h฀e฀ ฀∆฀4฀0฀W฀ ฀s฀t฀e฀p฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀f฀r฀o฀m฀ ฀2฀0฀ ฀W฀ ฀w฀e฀r฀e฀ ฀3฀2฀2฀ 
฀2฀6฀.฀1฀ ฀s฀ ฀a฀n฀d฀ ฀2฀8฀.฀5฀ ฀s฀ ฀f฀o฀r฀ Ĳ฀V%c฀O฀2฀m฀ a฀n฀d฀ Ĳ Q%cm฀,฀ ฀r e฀s฀p฀e฀c฀t฀i v฀e฀l฀y฀.฀ ฀T฀h฀e฀s฀e฀ ฀v฀a฀l฀u฀e฀s฀ ฀w฀e฀r฀e฀ ฀t฀h฀e฀n฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀ ฀t฀h฀e฀ ฀3฀2฀3฀ 
฀e฀x฀t฀e฀n฀t฀ ฀t฀o฀ ฀w฀h฀i฀c฀h฀ Ĳ฀V%cO฀2฀p  w฀o฀u฀l฀d฀ ฀b฀e฀ ฀m฀o฀d฀i฀f฀i฀e฀d฀ ฀b฀y฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀ ฀(฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e ฀3฀2฀4฀ 
฀c฀o฀n฀d฀i฀t฀i฀o฀n฀;฀ ฀F฀i฀g฀u฀r฀e฀ ฀λ฀A฀)฀ ฀a฀n฀d฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W R  ( v a฀r฀i฀a฀b฀l฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀ti o n ;  F i g u r e฀ λ B฀)฀ ฀a s s u฀m฀i฀n฀g฀ ฀V%c฀O2 m ฀3฀2฀5฀ 
฀a฀n฀d฀ ฀Q%cm฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀w฀e฀r฀e฀ ฀u฀n฀a฀l฀t฀e฀r฀e฀d฀.฀ ฀A฀s฀ ฀s฀h฀o฀wn  i n  ฀F i g u  λ A฀,  t h e  i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀n฀ ฀i n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀W฀R฀ ฀3฀2฀6฀ 
฀i฀n฀c฀r฀e฀m฀e฀n฀t฀ ฀i฀n฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀ ฀i฀s฀ ฀t฀h฀a฀t฀ Ĳ฀V%c฀O฀2 p฀ ฀i฀s฀ ฀r฀e฀d฀u฀c฀e฀d  f r฀o m  2 2 . 0  s  ( a t ǻ฀4฀0฀W฀)  ฀t฀o฀ ฀3฀2฀7  
฀2฀0฀.฀3฀ ฀s฀ ฀(฀a฀t฀ ǻ฀1฀0฀0฀W฀)฀.฀ ฀T฀h฀e฀ ฀o฀p฀p฀o฀s฀i฀t฀e฀ ฀o฀c฀c฀u฀r฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀ec o n d i t i o n  w i t h  c o฀m฀m o n ǻ฀4฀0฀W฀ ฀3฀2฀8฀ 
฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀s฀,฀ ฀w฀h฀e฀r฀e฀ Ĳ฀V%c฀O2฀p ฀i฀n฀c฀r฀e฀a฀s฀e฀s฀ ฀f r฀o฀m฀ ฀2฀2฀.฀0฀ ฀s฀ ฀(฀a฀t฀ ฀2฀0฀ ฀W฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀)฀ ฀t฀o฀ ฀2฀4฀.฀4฀ ฀s฀ ฀(฀a฀t฀ ฀1฀2฀0฀ ฀W฀ ฀3฀2฀λ฀ 
฀b฀a฀s฀e฀l฀i฀n฀e฀)฀ ฀(฀F฀i฀g฀u฀r฀e฀ ฀λ฀B฀)฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀w฀e฀ ฀a฀l฀s฀o฀ ฀t฀e฀s฀t฀e฀d฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀of  a฀l l o w฀i n฀g฀ ฀Q%c฀m  k i n e t฀i c s  t฀o  b e c m฀e฀ ฀3฀3฀0฀ 
฀1฀6฀ 
฀ 
฀ 
฀s฀l฀o฀w฀e฀r฀ ฀a฀s฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀w฀a฀s฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀(Ĳ฀Q%c฀m  w฀a s  i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀b฀y฀ ฀5฀ ฀s฀ ฀p฀e r฀ ฀2฀0฀ ฀W฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀)฀.฀ ฀3฀3฀1฀ 
฀F฀i฀g฀u฀r฀e฀ ฀λ฀C฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀b฀e฀t฀w฀e฀e฀n฀ Ĳ฀V%cO฀2฀m฀ a฀n d  Ĳ฀V%cO2฀p t฀e฀n฀d฀s฀ ฀t฀o฀ ฀b฀e฀c฀o฀m  s฀m a l฀l฀e฀r฀ ฀a฀s฀ ฀t฀h฀e฀ ฀3฀3฀2฀ 
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀i฀s฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀(฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀)฀.฀ ฀3฀3฀3฀ 
฀F฀i฀g฀u฀r฀e฀ ฀1฀0฀ ฀d฀i฀s฀p฀l฀a฀y฀s฀ ฀t฀h฀e฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀i฀m฀u฀l฀a฀t฀e฀d฀ ฀s฀i฀x฀ ฀m฀u฀s฀c฀l฀e฀ ฀c฀o฀m฀pa t m฀e฀n฀t฀ ฀m฀o d e l  t฀o  a฀ ฀s฀t฀e฀p฀ ฀3฀3฀4฀ 
฀c฀h฀a฀n฀g฀e฀ ฀f฀r฀o฀m฀ ฀2฀0฀ ฀t฀o฀ ฀1฀2฀0฀ ฀W฀.฀ ฀B฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀d฀y฀n฀a฀m฀i฀c฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀o฀f฀ ฀V%cO฀2฀p ฀a n฀d  [฀H H฀b฀]฀ ฀f฀r฀o฀m  ฀t฀h฀e฀ ฀g฀r฀o u p  ฀3฀3฀5฀ 
฀m฀e฀a฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀e฀q฀u฀a฀l฀ ฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀ ฀s฀t฀e฀p฀s฀,฀ ฀t฀h฀e฀ ฀V%cO฀2฀m฀ ฀a฀n฀d฀ Q%cm  ฀k฀i฀n฀e฀t฀i฀c฀s  f o r  s฀i x  t h e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀m฀u฀s฀c฀l฀e฀ ฀3฀3฀6฀ 
฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀w฀e฀r฀e฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀μ฀ Ĳ฀V%c฀O2 m฀ =  1 5 ,  2 0 ,  2฀5 ,฀ ฀3฀0฀,฀ ฀3฀5฀,฀ ฀4฀0฀ ฀s฀ ฀a฀n฀d฀ Ĳ฀Q%cm  =  2 0 ,฀ ฀2฀5฀,฀ ฀3฀0฀,  3฀5฀,  4 0฀,฀ ฀3฀3฀7฀ 
฀4฀5฀ ฀s฀ ฀(฀f฀o฀r฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀1฀ ฀–฀ ฀6฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀)฀.฀ ฀T฀h฀e฀ ฀r฀e฀s฀u฀l฀t฀a฀n฀t฀ Ĳ฀V%cO฀2฀p o f  t h e a v e฀r a g e฀d฀ ฀V%c฀O฀2 p  o฀u฀t p฀u฀t  ฀3฀3฀8฀ 
฀w฀a฀s฀ ฀2฀3฀.฀5฀ ฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀w฀a฀s฀ ฀l฀e฀s฀s฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀m฀e฀a฀n฀ Ĳ฀V%cO฀2฀m฀ o฀f฀ ฀a฀l l  c o฀m฀p a r฀t฀m e n t s  ฀(฀2฀7฀.฀5฀ ฀s฀)฀ ฀a฀n฀d฀ ฀v฀e฀r฀y฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀t฀o฀ ฀3฀3฀λ฀ 
฀t฀h฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀V%cO฀2฀p r e s p o n฀s฀e฀ ฀o฀f฀ ฀2฀1฀.฀8฀ ฀s฀ ฀(฀F฀i฀g฀u฀r฀e฀ ฀1฀0฀)฀.฀ ฀3฀4฀0  
'LVFXVVLRQ฀3฀4฀1฀ 
฀ ฀T฀h฀e฀ ฀p฀u฀r฀p฀o฀s฀e฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀s฀t฀u฀d฀y฀ ฀w฀a฀s฀ ฀t฀o฀ ฀e฀x฀a฀m i n e฀ ฀t h฀e฀ r e l฀a฀t฀i฀v฀e฀ ฀s฀t฀a฀b฀i฀l฀i฀ty  o f  p h a s฀e  ฀I I  ฀V%c฀O2฀p฀ a n d฀3฀4฀2฀ 
฀[฀H฀H฀b฀]฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀u฀n฀d฀e฀r฀ ฀a฀ ฀w฀i฀d฀e฀ ฀r฀a฀n฀g฀e฀ ฀o฀f฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀w฀i฀t฀h฀ ฀v฀a฀r฀y฀i฀n฀g฀ ฀b฀as e l i฀n฀e  w o r k r a t e  ฀a฀n฀d  w฀o฀r k  r a e฀3฀4฀3฀ 
฀i฀n฀c฀r฀e฀m฀e฀n฀t฀ ฀d฀u฀r฀i฀n฀g฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀.฀ ฀T฀h฀e฀ ฀m฀a฀i฀n฀ ฀f฀i฀n฀d฀i฀n฀g฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀t u฀d฀y฀ ฀w฀e฀r฀e฀ ฀t฀h฀a฀t฀μ฀ ฀i฀)  i n  ฀t฀h฀e฀ ฀3฀4฀4  
฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀,฀ ฀e฀x฀e฀rc i s e฀ t r a n s i฀t฀i฀o n s  f r o m  ฀a฀ ฀p฀r฀o฀g฀r฀e฀s s฀i฀v฀e฀l฀y฀ ฀g฀r฀e฀a฀t฀e฀r  b a s e฀l฀i฀n฀e฀ ฀W฀R฀ ฀w฀e฀r฀e฀ ฀3฀4฀5฀ 
฀a฀s฀s฀o฀c฀i฀a฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀s฀ ฀i฀n฀ ฀b฀o฀t฀h฀ Ĳ฀V%c฀O2 p฀ ฀a฀n฀d฀ ฀GP  –  t h฀e  r e฀l a t i o n s h i p s  e w฀e e฀n฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀3฀4฀6฀ 
฀W฀R฀ ฀a฀n฀d฀ Ĳ฀V%c฀O2฀p ฀o฀r฀ ฀G฀P  w฀e฀r฀e฀ ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀l฀y฀ ฀l฀i฀n฀e฀a฀r฀;฀ ฀i฀i฀)฀ ฀i฀n฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀ti o n ,฀ ฀b u t  w฀i฀t฀h฀ ฀3฀4฀7฀ 
฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀∆฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀s฀,฀ Ĳ฀V%c฀O฀2฀p d฀ i฀ d฀  ฀ n฀ o฀ t฀  ฀ v฀ a฀ r฀ y ,  ฀ b u t  GP฀ i฀n฀c r e a s฀e฀d฀,฀ ฀w฀i฀t฀h฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀3฀4฀8฀ 
฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀;฀ ฀i฀i฀i฀)฀ ฀[฀H฀H฀b฀]฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀w฀e฀r฀e฀ ฀c฀o฀n฀s฀i฀s฀t฀e฀n฀t฀l฀y฀ ฀f฀a฀s฀t฀e฀r฀ ฀t฀h฀a฀n฀ ฀V%cO฀2฀p฀ k i฀n e t฀i฀c฀s฀ ฀b y฀ ฀a฀ ฀m a g i t u d e  ฀3฀4฀λ฀ 
฀t฀h฀a฀t฀ ฀w฀a฀s฀ ฀e฀s฀s฀e฀n฀t฀i฀a฀l฀l฀y฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀u฀n฀d฀e฀r฀ a฀l฀l  e฀x฀p฀e฀r฀i m฀e฀n฀t฀a฀l฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s ฀(฀i฀. .฀,  a  s l฀o฀w฀i฀n g  o f฀ ฀V%cO2 p  k i n e t i c s฀3฀5฀0  
฀w฀a฀s฀ ฀c฀o฀n฀c฀o฀m฀i฀t฀a฀n฀t฀ ฀w฀i฀t฀h฀ ฀a฀ ฀s฀l฀o฀w฀i฀n฀g฀ ฀o฀f฀ ฀[฀H฀H฀b฀]฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀)฀ ฀s฀u฀g฀g฀e฀s฀t฀i฀n฀g฀ ฀t฀ha t  b o t h  ฀V%c฀O2฀m฀ a n d  Q%c฀m  ฀k฀i฀n฀e฀t฀i฀c s  ฀3฀5฀1฀ 
฀s฀l฀o฀w฀e฀d฀ ฀i฀n฀ ฀c฀o฀n฀c฀e฀r฀t฀ ฀a฀s฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀d฀;฀ ฀a฀n฀d฀ ฀i฀v฀)฀ in silico฀ ฀s฀i฀m u l฀a t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀3฀5฀2฀ 
฀i฀n฀f฀l฀u฀e฀n฀c฀e฀s฀ ฀d฀i฀s฀s฀o฀c฀i฀a฀t฀i฀n฀g฀ Ĳ฀V%cO฀2฀p f r o m฀ Ĳ฀V%c฀O2฀m s฀h฀o฀w e d  t฀h฀a฀t฀ ฀t฀h฀e฀ ฀s฀l฀o฀w฀e฀d฀ ฀V%cO2 p ฀k i n e t i c s  o฀b฀s฀e r฀v฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀3฀5฀3  
฀1฀7฀ 
฀ 
฀ 
฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀ ฀w฀e฀r฀e฀ ฀u฀n฀l฀i฀k฀e฀l฀y฀ ฀t o  b e฀ c o฀n s e q u฀e฀n฀t฀ ฀t฀o฀ ฀a฀l฀t฀e฀r฀e฀d฀ ฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀.฀ ฀T฀h฀u฀s฀,฀ ฀3฀5฀4฀ 
฀t฀h฀e฀s฀e฀ ฀d฀a฀t฀a฀ ฀s฀u฀g฀g฀e฀s฀t฀ ฀t฀h฀a฀t฀ ฀V%c฀O฀2฀p ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀m฀a฀y b฀e฀ ฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀o฀n฀ ฀t฀h฀e฀ ฀i฀n฀s฀t฀a฀n฀t฀a฀n฀e฀o฀u฀s฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀ ฀f฀r o฀m฀ ฀3฀5฀5  
฀w฀h฀i฀c฀h฀ ฀t฀h฀e฀y฀ ฀a฀r฀e฀ ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀t฀h฀e฀ in silico ฀s i m u฀l a t i o฀n฀s฀ ฀s฀u฀g฀g e฀s฀t฀ ฀t฀h฀a฀t฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀a฀n฀d฀ ฀3฀5฀6฀ 
฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀c฀a฀n฀ ฀t฀u฀r฀n฀ ฀a฀ ฀h฀e฀t฀e฀r฀o฀g฀e฀n฀e฀o฀u฀s฀ ฀(฀o฀r฀ ฀s฀u฀m฀m฀e฀d฀)฀ ฀V%cO฀2฀m ฀r฀e฀s฀p฀o n฀s e  c฀o฀n฀t฀a฀i i n g  ฀3฀5฀7฀ 
฀k฀i฀n฀e฀t฀i฀c฀a฀l฀l฀y฀ ฀s฀l฀o฀w฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀i฀n฀t฀o฀ ฀a฀ ฀u฀n฀i฀f฀o฀r฀m฀l฀y฀ ฀f฀a฀s฀t฀ ฀V%c฀O฀2฀p ฀r฀e฀s฀p฀o฀n฀s฀e฀.฀ ฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀w e฀ ฀p฀r฀o฀p฀o s e  ฀t฀h฀a฀t฀ ฀3฀5฀8฀ 
฀i฀n฀t฀r฀a฀c฀e฀l฀l฀u฀l฀a฀r฀ ฀O2฀ ฀u฀t฀i฀l i z a฀t i฀o฀n฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀a฀r฀e฀ ฀f฀i฀r฀s฀t฀ ฀o฀r d฀e฀r  n฀d  a r e  i฀n t r i n s i c฀a฀l฀l฀y฀ ฀s฀l฀o฀w r  (฀i฀n  a  p r o g฀r฀e฀s฀s฀i฀v฀e฀ ฀3฀5฀λ  
฀m฀a฀n฀n฀e฀r฀)฀ ฀i฀n฀ ฀m฀u฀s฀c฀l฀e฀ ฀f฀i฀b฀r฀e฀s฀ ฀l฀o฀c฀a฀t฀e฀d฀ a t  h i g h฀e฀r฀ p o฀s฀i฀t฀i o n฀s฀ ฀w฀i฀t฀h฀i฀n฀ ฀t฀h฀e f฀i฀b r e  ฀r฀e฀c฀r฀u฀i t m฀e฀n฀t฀ ฀h฀i฀e฀r฀a฀r฀c฀h฀y฀.฀ ฀ ฀3฀6฀0฀ 
Mechanisms of Vլ O2 kinetic control  ฀3฀6฀1฀ 
฀I฀n฀t฀r฀i฀g฀u฀i฀n฀g฀l฀y฀,฀ ฀o฀u฀r฀ ฀f฀i฀n฀d฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀V%cO2฀p ฀k฀i฀n฀e t i c s  ฀w฀e฀r e฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀d฀u฀r฀i฀n฀g฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀W฀R฀ ฀3฀6฀2฀ 
฀i฀n฀c฀r฀e฀m฀e฀n฀t฀s฀ ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀a฀ ฀c฀o฀m฀m฀o฀n฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀(฀2฀0฀ ฀W฀)฀ ฀i฀s฀ ฀c฀o฀n฀s฀i฀s฀t฀e฀n฀t฀ ฀w i t h฀ t h฀e฀ ฀t r a d i t i฀o n a l  s u g g e฀s t i o n  ฀3฀6฀3  
฀t฀h฀a฀t฀ ฀a฀ ฀f฀i฀r฀s฀t฀ ฀o฀r฀d฀e฀r฀ ฀r฀a฀t฀e฀ ฀r฀e฀a฀c฀t฀i฀o฀n฀ ฀c฀o฀n฀t฀r฀o฀l฀s฀ ฀V%cO฀2฀p k i n e t i c s  ฀(฀W h i p p  &฀ M฀a฀h฀l฀e฀r฀,  1฀λ฀8฀0฀;฀ ฀B฀a฀r฀s฀t฀o฀w฀ ฀&฀ ฀M฀o฀l฀e฀,฀ ฀3฀6฀4฀ 
฀1฀λ฀λ฀1฀;฀ ฀Ö฀z฀y฀e฀n฀e฀r฀ et al.฀ ฀2฀0฀0฀1฀;฀ ฀S฀c฀h฀e฀u฀e฀r฀m฀a฀n฀n฀ ฀&฀ ฀B฀a฀r฀s฀t฀o฀w฀,฀ ฀2฀0฀0฀3฀;฀ ฀S฀p฀e฀n฀c฀e฀r฀ et al.฀ ฀2฀0฀1฀3฀)฀.฀ ฀H฀o฀w฀e v e r฀,฀ ฀t฀h฀e฀ ฀3฀6฀5฀ 
฀f฀i฀n฀d฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀V%cO฀2฀p k i n e i c฀s฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀l฀i฀n฀e฀a฀r฀l฀y฀ ฀w฀i฀t฀h฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀ ฀i฀s  a l s o฀ c o n s฀i฀s t e n t  ฀3฀6฀6฀ 
฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀f฀r฀e฀q฀u฀e฀n฀t฀ ฀a฀n฀d฀ ฀l฀o฀n฀g฀-฀s฀t฀a฀n฀d฀i฀n฀g฀ ฀o฀b s e r฀v฀a฀t฀i฀o฀n฀ ฀t฀h฀a฀t฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀in฀t e n s i y  V%cO฀2 p k i n e t i฀c฀s฀ ฀a฀r฀e฀ n฀o฀t฀ ฀3฀6฀7฀ 
฀f฀i฀r฀s฀t฀ ฀o฀r฀d฀e฀r฀ ฀(฀H฀u฀g฀h฀s฀o฀n฀ ฀&฀ ฀M฀o฀r฀r฀i฀s฀s฀e฀y฀,฀ ฀1฀λ฀8฀2฀;฀ ฀B฀r฀i฀t฀t฀a฀i฀n฀ et al.฀ ฀2฀0฀0฀1฀;  R฀o฀b฀e฀r฀g฀s฀,฀ ฀2฀0฀1฀4฀)฀.฀ ฀I฀m฀p o r t a฀n฀t฀l฀y฀,฀ ฀t฀h฀e฀s฀e฀ ฀3฀6฀8฀ 
฀f฀i฀n฀d฀i฀n฀g฀s฀ ฀w฀e฀r฀e฀ ฀m฀a฀d฀e฀ ฀w฀i฀t฀h฀i฀n฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀g฀r฀o฀u฀p฀ ฀o฀f฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀,฀ ฀r฀u฀l฀i฀n฀g฀-฀o฀u฀t฀ ฀i n d฀i v i d u a l฀ ฀p฀a฀r฀t฀i฀c฀i p a฀n฀t฀ ฀3฀6฀λ฀ 
฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀a฀s฀ ฀a฀n฀ ฀e฀x฀p฀l฀a฀n฀a฀t฀i฀o฀n฀ ฀f฀o฀r฀ ฀d฀i฀f฀f e฀r฀e฀n฀c฀e฀s฀ w฀h฀e฀n฀ ฀c฀o฀m฀p฀a฀r฀i฀n฀g฀ ฀a฀mo n g฀s t  ฀p฀u b l฀i฀s฀h฀e฀d฀ ฀s฀t u฀d฀i฀e฀s฀.฀ ฀3฀7฀0฀ 
฀ ฀W฀h฀e฀n฀ ฀t฀w฀o฀ ฀i฀d฀e฀n฀t฀i฀c฀a฀l฀ ฀s฀t฀e฀p฀-฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀s฀ ฀(฀b฀e฀t฀w฀e฀e฀n฀ ฀2฀0฀ ฀W฀ ฀a฀n฀d฀ ฀λ฀0฀%฀ ฀Lˆș )฀ ฀b฀i s e t i n฀g฀ ฀t฀h e฀ ฀3฀7฀1฀ 
฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀d฀o฀m฀a฀i฀n฀ ฀a฀r฀e฀ ฀p฀e฀r฀f฀o฀r฀m฀e฀d฀,฀ ฀t฀h฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀o฀f฀ ฀V%c฀O฀2฀p฀ r e  c o n s i s t฀e n t l฀y฀ ฀s฀l฀o฀w฀e฀r฀ ฀i฀n฀ ฀t฀h e  ฀3฀7฀2฀ 
฀u฀p฀p฀e฀r฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀l฀o฀w฀e฀r฀ ฀s฀t฀e฀p฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀(฀B฀r฀i฀t฀t฀a฀i฀n฀ et al.฀ ฀2฀0฀0฀1฀;฀ ฀M a c P h e e฀ et al.  2 0 0 5 ;  B฀o฀w฀e฀n  et ฀3฀7฀3฀ 
al.฀ ฀2฀0฀1฀1฀;฀ ฀W฀i฀l฀l฀i฀a฀m฀s฀ et al.฀ 2 0฀1฀3฀;฀ K฀e฀i฀r฀ et al.  ฀2 0฀1฀4 )฀.฀ ฀B฀y฀ ฀e฀x฀a฀m฀i฀n฀i฀n฀g฀ ฀a฀ ฀r฀a฀n฀g฀e฀ ฀o฀f฀ ฀p฀r฀e฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀3฀7฀4  
฀w฀o฀r฀k฀ ฀a฀n฀d฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀s฀ ฀s฀p฀a฀n฀n฀i฀n฀g฀ ฀t฀h฀e฀ ฀e฀n฀t฀i฀r฀e฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀d฀o฀m฀a฀i฀n฀,฀ ฀t฀h฀e฀ p r฀e s฀e฀n฀t฀ ฀s฀t฀u฀d฀y฀ ฀3฀7฀5฀ 
฀e฀x฀t฀e฀n฀d฀s฀ ฀p฀r฀e฀v฀i฀o฀u฀s฀ ฀f฀i฀n฀d฀i฀n฀g฀s฀ ฀t฀o฀ ฀s฀h฀o฀w฀ ฀t฀h฀a฀t฀ ฀b฀o฀t฀h฀ Ĳ฀V%c฀O฀2฀p a  G฀P฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀a฀s฀ ฀a  f u n฀c฀t฀i o n฀ o f฀ ฀p฀r฀e฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀3฀7฀6฀ 
฀1฀8฀ 
฀ 
฀ 
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀a฀n฀d฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀ ฀i฀n฀ ฀a฀n฀ ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀l฀y฀ ฀l฀i฀n฀e฀a฀r฀ ฀m฀a฀n฀n฀e฀r฀.฀ ฀T h i s  p h e n฀o฀m฀e฀n฀o฀n  ฀h฀a s฀ ฀b฀e฀e฀n฀ ฀3฀7฀7฀ 
฀p฀r฀e฀v฀i฀o฀u฀s฀l฀y฀ ฀e฀x฀p฀l฀a฀i฀n฀e฀d฀ ฀b฀y฀ ฀t฀w฀o฀ ฀h฀y฀p฀o฀t฀h฀e฀s฀e฀s฀.฀ ฀T฀h฀e฀ ฀f฀i฀r s t฀ i฀s฀ ฀a฀ ฀f฀i฀b฀r฀e฀ ฀a฀ct฀i v฀a฀t฀i o n  p a฀t฀t฀e฀r฀n฀ ฀f฀a฀v฀o฀u฀r฀i฀n฀g฀ ฀3฀7฀8฀ 
฀“฀k฀i฀n฀e฀t฀i฀c฀a฀l฀l฀y฀-฀f฀a฀s฀t฀e฀r฀”฀,฀ ฀m฀o฀r฀e฀ ฀e฀f฀f฀i฀c฀i฀e฀n฀t฀ ฀f฀i฀b฀r฀e฀s฀,฀ ฀t฀o฀ ฀p฀e฀r฀f฀o฀r฀m฀ ฀l฀o฀w฀e฀r฀ ฀i฀n฀t฀e฀n฀s฀i฀t฀i฀e฀s฀ ฀a฀n฀d฀ a  p฀r o฀g฀r e฀s฀s i v e  ฀3฀7฀λ฀ 
฀i฀n฀c฀o฀r฀p฀o฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀“฀k฀i฀n฀e฀t฀i฀c฀a฀l฀l฀y฀-฀s฀l฀o฀w฀e฀r฀”฀ ฀f฀i฀b฀r฀e฀s฀ ฀t฀o฀ ฀p฀e฀r฀f฀o฀r฀m฀ ฀g฀r฀e฀a฀t฀e฀r e x t e r n a฀l  ฀W฀R฀s฀ ฀(฀B r i฀t฀t฀a฀i฀n฀ et al.  ฀3฀8฀0  
฀2฀0฀0฀1฀)฀.฀ ฀A฀n฀ ฀a฀l฀t฀e฀r฀n฀a฀t฀i฀v฀e฀ ฀v฀i฀e฀w฀ ฀p฀r฀o฀p฀o฀s฀e฀s฀ ฀t฀h฀a฀t฀ ฀V%c฀O2฀p฀ k n t฀i฀c฀s฀ ฀a฀r฀e฀ ฀i฀n฀f l u e n c฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀p฀r฀e฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀3฀8฀1฀ 
฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀ ฀s฀u฀c฀h฀ ฀t฀h฀a฀t฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀r฀e฀d฀u฀c฀t฀i฀o฀n฀s฀ ฀i฀n฀ ฀i฀n฀t฀r฀a฀c฀e฀l฀l฀u฀l฀a฀r฀ ฀e฀n฀e฀r฀g฀y฀ ฀s฀t฀a฀t e฀ ฀c฀a฀u฀s฀e฀ ฀l฀e฀s฀s฀ ฀f฀r฀e e฀ ฀e฀n฀e฀r฀g฀y฀ ฀3฀8฀2฀ 
฀d฀e฀l฀i฀v฀e฀r฀y฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀m฀i฀t฀o฀c฀h฀o฀n฀d฀r฀i฀a฀ ฀a฀n฀d฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀t฀h฀e฀ ฀d฀e฀m฀a฀n฀d฀ ฀f฀o฀r฀ ฀m฀i฀t฀oc h o n d r i a l  A T P฀ ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀ ฀3฀8฀3฀ 
฀(฀B฀o฀w฀e฀n฀ et al.  2 0฀1฀1฀;฀ ฀W฀ü฀s฀t฀ et al.  2฀0฀1 4 )฀.฀ ฀ ฀I฀t฀ ฀c฀u฀r฀r฀e฀n฀t฀l฀y฀ ฀i฀s฀ ฀n฀o฀t฀ ฀p฀o฀s฀s฀i฀b฀l฀e฀ t o  ฀k฀n฀o฀w  w h e฀t h฀e฀r฀ ฀t฀h฀e฀ ฀m฀u฀s฀c฀le฀ ฀3฀8฀4฀ 
฀m฀o฀t฀o฀r฀ ฀u฀n฀i฀t฀s฀ ฀r฀e฀c฀r฀u฀i฀t฀e฀d฀ ฀t฀o฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀t฀o฀ ฀l฀o฀w฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀s฀ ฀a฀r฀e฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀o฀r฀ ฀d฀if f e r e n t  f r o m฀ ฀t฀h฀o s e  ฀3฀8฀5฀ 
฀r฀e฀c฀r฀u฀i฀t฀e฀d฀ ฀t฀o฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀t฀o฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀s฀.฀ ฀T฀h฀u฀s฀,฀ ฀w฀e฀ ฀c฀a฀n฀n฀o฀t฀ ฀d฀i฀s฀t i n g฀u฀i s฀h฀ ฀w฀h฀e฀t฀h฀e฀r฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀e฀n฀t฀ ฀3฀8฀6฀ 
฀r฀e฀s฀u฀l฀t฀s฀ ฀a฀r฀e฀ ฀d฀u฀e฀ ฀t฀o฀ ฀r฀e฀c฀r฀u฀i฀t฀m฀e฀n฀t฀ ฀o฀f฀ ฀m฀o฀t฀o฀r฀ ฀u฀n฀i฀t฀s฀ ฀i฀n฀n฀e฀r฀v฀a฀t฀i฀n฀g฀ ฀m฀u฀s฀c฀le  f i b฀r฀e฀s฀ ฀w i t h฀ ฀i฀n฀h฀e฀r฀e฀n฀t฀l฀y฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀3฀8฀7฀ 
฀m฀i฀t฀o฀c฀h฀o฀n฀d฀r฀i฀a฀l฀ ฀v฀o฀l฀u฀m฀e฀-฀d฀e฀n฀s฀i฀t฀y฀,฀ ฀o฀r฀ ฀w฀h฀e฀t฀h฀e฀r฀ ฀o฀u฀r฀ ฀f฀i฀n฀d฀i฀n฀g฀s฀ ฀w฀e฀r฀e฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀ ฀t฀o฀ ฀a฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v e฀ ฀3฀8฀8฀ 
฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀o฀f฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀ ฀w฀i฀t฀h฀i฀n฀ ฀a฀ ฀u฀n฀i฀f฀o฀r฀m฀ ฀f฀i฀b฀r฀e฀ p฀o฀p฀u฀l a t i o n .   ฀3฀8฀λ฀ 
฀I฀t฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ ฀s฀u฀g฀g฀e฀s฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀f฀r฀e฀e฀ ฀e฀n฀e฀r฀g฀y฀ ฀a฀s฀s฀o฀c฀i฀a฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀A฀T฀P฀ h฀y฀d฀r฀o฀l฀y฀s฀i฀s฀ ฀(฀∆฀GA T P,  i . e . ,฀3฀λ฀0฀ 
฀~฀5฀8฀ ฀k฀J฀∙฀m฀o฀l฀-฀1)  i s฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀a฀c฀t฀i฀v฀a฀t฀i฀o฀n฀ ฀e฀n฀e฀r฀g฀y฀ ฀r฀e฀q฀u฀i฀r฀e฀d฀ ฀f฀o฀r฀ ฀a฀c฀t฀o฀-฀m฀y฀o฀s฀in  ฀c r o s s b r i d g e  c y c l i n g  ฀3฀λ฀1฀ 
฀(฀~฀ ฀4฀0฀ ฀k฀J฀∙฀m฀o฀l฀-฀1฀ ( S h e e t฀z฀ et al.฀ 1 λ฀8฀4฀)฀ ฀b฀u฀t฀ ฀c฀l฀o฀s฀e฀ ฀t฀o฀ ฀t฀h฀a฀t฀ ฀f฀o฀r฀ ฀S฀E฀R฀C฀A฀ ฀A฀T฀P฀a฀s฀e฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀(฀~฀ ฀5฀2฀ ฀k฀J฀∙฀m฀o฀l฀-฀1฀)฀ ฀3฀λ฀2฀ 
฀u฀n฀d฀e฀r฀ ฀n฀o฀r฀m฀a฀l฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀(฀G฀r฀a฀s฀s฀i฀ et al.฀ 2 0 1 5 ) . S i c e  ฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀3฀λ฀3฀ 
฀m฀e฀t฀a฀b฀o฀l฀i฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀a฀f฀f฀e฀c฀t฀ ฀∆฀GA฀T฀P฀ ( i . e .฀,฀ ฀[฀A D฀Pfree ]  a n d  [ P i ] )฀ ฀a฀r฀e฀ ฀e฀l฀e฀v฀a฀t฀e฀d฀ ฀a฀t฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀3฀λ฀4฀ 
฀r฀a฀t฀e฀s฀,฀ ฀l฀e฀s฀s฀ ฀n฀e฀g฀a฀t฀i฀v฀e฀ ฀∆฀G฀A฀T฀P ฀c฀o฀u฀l฀d฀ ฀p r฀e฀v e฀n฀t฀ ฀s฀o฀m฀e฀ ฀a฀c฀t฀o฀-฀m฀y฀o฀s฀i฀n฀ ฀c฀r฀o฀s฀s฀b฀r฀i฀d฀g฀e฀ ฀o฀r฀ ฀S฀E฀R฀C฀A฀ ฀A฀T฀P฀a฀s฀e฀ ฀3฀λ฀5฀ 
฀r฀e฀g฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀r฀e฀c฀e฀i฀v฀i฀n฀g฀ ฀s฀u฀f฀f฀i฀c฀i฀e฀n฀t฀ ฀e฀n฀e฀r฀g฀y฀ ฀t฀o฀ ฀a฀c฀t฀i฀v฀a฀t฀e฀.฀ ฀T฀h฀e฀ ฀r฀e฀s฀u฀lt฀a฀n t  e f f e c t  w฀o฀u฀l฀d฀ ฀b฀e฀ ฀a฀ ฀3฀λ฀6฀ 
฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ ฀l฀a฀r฀g฀e฀r฀ ฀a฀n฀d฀ ฀p฀o฀s฀s฀i฀b฀l฀y  ฀l฀e s s  ฀“฀s฀q u a r฀e  ฀w a v e ”  ฀c฀h฀a฀n฀g฀e฀ ฀i฀n฀ A T P฀ ฀r e q฀u฀i฀r e d  f o r฀ ฀a  ฀g฀i฀v฀e฀n฀ ฀c฀h฀a฀n฀g฀e฀ ฀3฀λ฀7฀ 
฀i฀n฀ ฀W฀R฀,฀ ฀t฀h฀e฀r฀e฀b฀y฀ ฀a฀l฀t฀e฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀e฀x฀p฀o฀n฀en t i฀a฀l฀-฀n a t u r฀e  o f  t฀h฀e฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀ l a d i n g  t o  ฀a฀n฀ ฀i c r e฀a฀s฀e฀ ฀i฀n฀ ฀b฀o฀t฀h฀ ฀3฀λ฀8  
Ĳ฀V%c฀O฀2฀p ฀a฀n฀d฀ ฀G฀P฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀t฀h฀i฀s฀ ฀h฀y฀p฀o฀t฀h฀e฀s฀i฀s฀ ฀i฀s฀ ฀d฀i฀f฀f฀i฀c฀u฀l฀t฀ ฀t฀o฀ ฀r฀e฀c฀o฀n฀c฀i฀l฀e฀ ฀i฀n฀ ฀m฀o฀d฀e฀r฀a฀t฀e - i n t e n฀s฀i฀t y฀ ฀c฀y฀c฀l฀i฀n฀g  ฀3฀λ฀λ฀ 
฀1฀λ฀ 
฀ 
฀ 
฀e฀x฀e฀r฀c฀i฀s฀e฀,฀ ฀w฀h฀e฀r฀e฀ ฀m฀u฀s฀c฀l฀e฀ ฀f฀a฀t฀i฀g฀u฀e฀ ฀a฀p฀p฀e฀a฀r฀s฀ ฀t฀o฀ ฀b฀e฀ ฀a฀b฀s฀e฀n฀t฀ ฀(฀C฀a฀n฀n฀o฀n฀ et al.  2฀0฀1฀1฀)฀.  A฀n฀ ฀a฀l฀t฀e฀r฀n฀a t i v e  ฀4฀0฀0฀ 
฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀c฀o฀u฀l฀d฀ ฀b฀e฀ ฀t฀h฀a฀t฀ ฀V%c฀O฀2 m o f฀ ฀i฀n฀d฀i฀v฀i฀d฀u a l  ฀f฀i฀b฀e฀r฀s฀ ฀d฀o฀e฀s฀ ฀o฀p฀e฀r฀a฀t฀e฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀a฀ ฀u฀n฀i฀m฀o฀l฀e฀c฀u฀l฀a฀r฀ ฀r฀e฀a฀c฀ti฀o฀n฀ ฀4฀0฀1฀ 
฀o฀f฀ ฀A฀D฀P฀-฀f฀e฀e฀d฀b฀a฀c฀k฀ ฀t฀o฀ ฀i฀t฀s฀ ฀m฀i฀t฀o฀c฀h฀o฀n฀d฀r฀i฀a฀l฀ ฀n฀e฀t฀w฀o฀r฀k฀;฀ ฀w฀h฀e฀n฀ ฀t฀h฀e฀s฀e฀ ฀s฀a฀m฀e฀ ฀f฀i฀b e฀r฀s  a r e  ฀r฀e฀c฀r u i t฀e d฀ ฀a฀t฀ ฀a฀ ฀g r a t e r  ฀4฀0฀2฀ 
฀l฀e฀v฀e฀l฀ ฀o฀f฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀a฀c฀t฀i฀v฀i฀t฀y฀,฀ ฀t฀h฀e฀ ฀i฀n฀t฀r฀a฀c฀e฀l฀l฀u฀l฀a฀r฀ ฀[฀A฀D฀Pfree ]  e x c e e฀d฀s฀ ฀t฀h฀e฀ K฀m฀ a n d u s฀ ฀t฀h฀e฀ ฀s฀e฀n s i฀t฀i฀v฀i฀t฀y฀ ฀o f฀ ฀4฀0฀3  
฀V%c฀O฀2฀m ฀t฀o฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀s฀ ฀i฀n฀ ฀[฀A฀D฀Pfree฀]฀ ฀m฀a฀y  d e c r฀e฀a฀s฀e฀,฀ ฀m฀a฀n฀i฀f฀e฀s฀t฀i฀n฀g฀ ฀a฀s฀ ฀a฀ ฀s฀l฀o฀w฀e฀r฀ ฀r฀a฀t฀e฀ ฀o฀f฀ ฀a฀d฀j฀u฀s฀t฀m฀e฀n฀t฀ ฀i฀n฀ ฀V%c฀O2฀p฀ ฀4฀0฀4  
฀w฀i฀t฀h฀ ฀a฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀.฀ ฀N฀e฀v฀e฀r฀t฀h฀e฀l฀e฀s฀s฀,฀ ฀t฀h฀i฀s฀ ฀a฀l฀s฀o฀ ฀s฀e฀e฀m s฀ ฀u n l i฀k e l y  i n  m o d฀e฀r฀a฀t฀e฀ ฀4฀0฀5฀ 
฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀w฀h฀e฀r฀e฀ ฀i฀n฀t฀r฀a฀m฀y฀o฀c฀e฀l฀l฀u฀l฀a฀r฀ ฀d฀i฀s฀t฀u฀r฀b฀a฀n฀c฀e฀ ฀i฀n฀ ฀[฀A฀D฀Pfree ]  ฀i฀n฀ ฀t฀h฀e฀ ฀a฀c฀t฀i฀v฀e฀ ฀f฀i฀b฀r฀e฀s฀ ฀i s  l i k e l y฀ ฀s฀m฀a฀l฀l฀ ฀a฀n฀d฀ ฀4฀0฀6฀ 
฀t฀h฀u฀s฀ ฀a฀n฀ ฀a฀l฀t฀e฀r฀n฀a฀t฀i฀v฀e฀ ฀e฀x฀p฀ln a฀t i o n  i s  r q u i฀r฀e฀d฀.฀ ฀4฀0฀7  
In silico simulations ฀4฀0฀8฀ 
฀U฀s฀i฀n฀g฀ in silico฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀s฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀a฀ ฀v฀a฀l฀i฀d฀a฀t฀e฀d฀ ฀m฀u฀l฀t฀i฀-฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀a฀l฀ ฀m฀o฀d฀e฀l฀ ฀o฀f฀ ฀4฀0฀λ฀ 
฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀,฀ ฀B฀e฀n฀s฀o฀n et al.  ( 2 0 1฀3 )฀ ฀d e m o n s t r฀a฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀k฀i฀n฀e฀t฀i฀c฀ d฀i s o c i a t i o n s  b฀e t w฀e฀e฀n฀ ฀p฀h฀a฀s฀e฀ ฀4฀1฀0฀ 
฀I฀I฀ ฀V%c฀O฀2 p฀ a฀n฀d฀ ฀V%cO฀2฀m ฀c฀a฀n฀ ฀o฀c฀c฀u฀r฀ ฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀o฀n฀ ฀b฀o฀t฀h฀ ฀t฀h฀e฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀o฀f฀ ฀m฀u฀s฀c฀l฀e฀ ฀a฀n฀d฀ ฀w฀h฀o฀l฀e฀ ฀b฀o฀d฀y฀ ฀Q%c a n฀d  ฀4฀1฀1฀ 
฀f฀l฀o฀w฀-฀w฀e฀i฀g฀h฀t฀e฀d฀ ฀m฀i฀x฀i฀n฀g฀ ฀o฀f฀ ฀m฀u฀s฀c฀l฀e฀ ฀a฀n฀d฀ ฀w฀h฀o฀l฀e฀ ฀b฀o฀d฀y฀ ฀v฀e฀n฀o฀u฀s฀ ฀e฀f฀f฀l฀u฀e฀n฀t฀s฀.฀ ฀I฀n฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀e฀n฀t฀ ฀s฀t฀u฀d฀y฀,฀ ฀t฀h฀i฀s฀ ฀4฀1฀2฀ 
฀m฀o฀d฀e฀l฀ ฀w฀a฀s฀ ฀a฀p฀p฀l฀i฀e฀d฀ ฀t฀o฀ ฀a฀s฀s฀e฀s฀s฀ ฀w฀h฀e฀t฀h฀e r  a l฀t฀e฀r฀e฀d฀ ฀c฀i฀r฀c฀u฀l a t o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c w฀i฀t h฀ t฀r฀a฀n฀s฀i฀t฀i o n s฀ f฀r฀o฀m฀ ฀4฀1฀3฀ 
฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀s฀ ฀m฀i฀g฀h฀t฀ ฀d฀i s t o r t ,  ฀b y฀ ฀“ s l o w฀i฀n฀g ” ,  t h e  ฀d y n a m฀i฀c฀ ฀a฀d฀j u฀s฀t฀ e฀n฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀V%c฀O2 p ฀p r o฀f฀i l e฀ ฀4฀1฀4  
฀d฀e฀s฀p฀i฀t฀e฀ ฀V%c฀O฀2฀m ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀b฀e฀i฀n฀g฀ ฀“฀c฀o฀n฀s฀t฀a฀n฀t฀”฀ ฀w฀h฀e฀n฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀i฀n฀g฀ ฀f฀r฀o฀m฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ h฀i฀g฀h e r  s t a r t฀i฀n g  ฀4฀1฀5฀ 
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀s฀.฀ ฀W฀h฀e฀n฀ ฀a฀s฀s฀u฀m฀i฀n฀g฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀f฀o฀r฀ ฀V%c฀O฀2 m ฀ (Ĳ฀ V%c฀O฀2฀m,฀ ฀2฀6฀.฀1฀ ฀s฀)  a d Q%c฀m  ฀4฀1฀6฀ 
฀(฀2฀8฀.฀5฀ ฀s฀)฀ ฀(฀s฀e฀e฀ ฀M฀e฀t฀h฀o฀d฀s฀)฀,฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀s฀ s h o w฀e฀d฀ ฀t฀h฀a฀t฀ ฀c o฀n฀s฀t฀a฀n฀t฀ ฀∆฀4฀0฀W฀ ฀s฀t฀e฀p฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀4฀1฀7฀ 
฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ ฀h฀i฀g฀h฀e฀r฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀s฀ ฀(฀f฀r฀o฀m฀ ฀2฀0฀ ฀t฀o฀ ฀1฀2฀0฀W฀)฀ ฀w฀e฀r฀e฀ ฀a฀s฀s฀o฀c฀ia t e฀ d฀  w i฀ t฀ h  ฀ a฀  ฀ s฀ l฀ i฀ g h t฀  ฀ ~฀  ฀ 2  ฀ s  ฀4฀1฀8฀ 
฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ Ĳ฀V%cO฀2฀p ฀( 2฀2฀.฀0  ฀t฀o฀ ฀2฀4฀.฀2฀ ฀s฀)฀;฀ ฀h฀o฀w฀e฀v฀e฀r฀,฀ ฀t฀h฀i฀s e f f e c t  w฀a฀s  n o t  l a r g e฀ ฀e฀n฀o฀u฀g฀h฀ ฀t฀o e x p l a i n  ฀t h  ฀4฀1฀λ  
฀o฀b฀s฀e฀r฀v฀e฀d฀ Ĳ฀V%cO฀2฀p w฀h฀i c฀h฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀f฀r฀o฀m฀ ฀2฀2฀ ฀s฀ ฀t฀o฀ ฀3฀5฀ ฀s฀ ฀u฀n฀d฀e฀r฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀.฀ ฀T฀h฀i฀s฀ ฀s฀u฀g฀g e s฀t฀s฀ ฀t฀h฀a฀t฀ ฀4฀2฀0฀ 
฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀“฀d฀i฀s฀t฀o฀r฀t฀i฀o฀n฀”฀ ฀o฀f฀ ฀t฀h฀e฀ ฀V%c฀O฀2฀m p r o f i l e  a t  t฀h฀e  l฀u฀n g฀ ฀b฀e฀c฀a฀u฀s฀e฀ ฀o฀f฀ ฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀a฀n฀d฀ ฀4฀2฀1฀ 
฀m฀i฀x฀i฀n฀g฀ ฀o฀f฀ ฀m฀u฀s฀c฀l฀e฀ ฀a฀n฀d฀ ฀o฀t฀h฀e฀r฀ ฀b฀o฀d฀y฀ ฀v฀e฀n฀o฀u฀s฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀,฀ ฀w฀h฀i฀l฀e฀ ฀p฀o฀t฀en t i a l฀l฀y฀ ฀c฀o฀n฀t฀r฀i b u t o r y฀,฀ ฀l฀i฀k฀e l y  ฀4฀2฀2฀ 
฀2฀0฀ 
฀ 
฀ 
฀w฀e฀r฀e฀ ฀n฀o฀t฀ ฀r฀e฀s฀p฀o฀n฀s฀i฀b฀l฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀m฀a฀j฀o฀r฀ p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀ ฀s฀l฀o฀w฀i฀n฀g฀ ฀o฀f฀ ฀V%c฀O2฀p k i n e t i c฀s฀ o฀b฀s e฀r v฀e฀d฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀s฀t฀u฀d฀y฀ ฀4฀2฀3฀ 
฀(฀B฀o฀w฀e฀n฀ et al. ฀2฀0฀1฀1฀)฀.฀ ฀  ฀4฀2฀4฀ 
฀T฀h฀a฀t฀ ฀[฀H฀H฀b฀]฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀w฀e฀r฀e฀ ฀c฀o฀n฀s฀i฀s฀t฀e฀n฀t฀l฀y฀ ฀f฀a฀s฀t฀e฀r฀ ฀t฀h฀a฀n฀ ฀V%cO฀2฀p  k฀i n e t i c s฀ ฀s฀u g g e s s  t h t ,  o v e฀r a l l ,฀ ฀4฀2฀5฀ 
฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀o฀n฀-฀t฀r฀a฀n฀s฀i฀e฀n฀t฀ ฀p฀h฀a฀s฀e฀,฀ ฀a฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀r฀a฀t฀e฀ ฀o฀f฀ ฀O2  e x฀t r a c t i o n  w฀a฀s฀ ฀r e฀q฀u฀i฀r฀e฀d฀ ฀r฀e฀l฀a฀t฀i v฀e฀ ฀t o  t h e  r฀a฀t฀e฀ ฀o฀f฀ ฀4฀2฀6฀ 
฀m฀u฀s฀c฀l฀e฀ ฀O2฀ u฀t i l฀i฀z฀a฀t฀i฀o฀n฀.฀ ฀S฀i฀n฀c฀e฀,฀ ฀t฀h฀e฀ ฀m฀a฀g฀n฀i฀t฀u฀d฀e฀ ฀b฀y฀ ฀w฀h฀i฀c฀h฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀o฀f฀ ฀b฀o฀t฀h฀ ฀s฀i฀g฀n฀a฀l s  d f f e r฀e฀d฀ ฀d฀i฀d฀ ฀n฀o฀t฀ ฀4฀2฀7฀ 
฀c฀h฀a฀n฀g฀e฀ ฀a฀s฀ ฀a฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W R  ( F i g u r e 8 )  s u g g฀e฀s฀t฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀u฀n฀d฀e฀r฀l฀y฀i฀n฀g฀ ฀m i c r o v฀a฀s฀c฀u฀l฀a฀r฀ ฀b฀l฀o฀o฀d฀ ฀4฀2฀8฀ 
฀f฀l฀o฀w฀ ฀(฀Q%c฀m฀) d y฀n฀a฀m฀i฀c฀s฀ ฀w฀e฀r฀e฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀s฀l฀o฀w฀e฀r฀ ฀t฀h฀a฀n฀ ฀V%cO฀2฀m ฀a฀n฀d  t฀h a t฀ ฀Q%c฀m฀ b฀e฀c฀a m e  p r฀o฀g r e s s i฀v e฀l฀y฀ ฀s฀l฀o฀w฀e฀r฀ ฀4฀2฀λ฀ 
฀w฀i฀t฀h฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀s฀.฀ ฀G฀i฀v฀e฀n฀ ฀t฀h฀a฀t฀ ฀M฀a฀c฀P฀h฀e฀e et al.฀ ฀(฀2฀0 0 5 )  a l s o  r e฀p฀o฀r฀t฀e฀d฀ ฀a฀ ฀4฀3฀0฀ 
฀t฀w฀o฀f฀o฀l฀d฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀t฀i฀m฀e฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀f฀o฀r฀ ฀b฀u฀l฀k฀ ฀l฀e฀g฀ ฀b฀l฀o฀o฀d฀ ฀f฀l฀o฀w฀ ฀wh฀e฀n฀ ฀e฀q฀u฀a฀l฀ W฀R  i n c r e m฀e฀n฀t฀ s t e p -฀4฀3฀1  
฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀w฀e฀r฀e฀ ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀W฀R฀s฀ ฀m฀i฀d฀w฀a฀y฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀2฀0฀W฀ ฀a฀n฀d฀ ฀λ฀0฀%฀ L฀ˆș ฀c฀o฀m p a฀r฀e฀d฀ t o  ฀a  ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀4฀3฀2  
฀o฀f฀ ฀2฀0฀W฀,฀ ฀w฀e฀ ฀e฀x฀a฀m฀i฀n฀e฀d฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ Ĳ฀Q%cm  ฀(฀b฀y฀ ฀a  ฀f฀a c t฀o r  ฀o f฀ ฀~฀5  ฀s฀ p e r  ฀2 0 W฀ ฀4฀3฀3฀ 
฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀;฀ ฀M฀a฀c฀P฀h฀e฀e et al.฀ ฀(฀2฀0฀0 5 )฀)฀ ฀o฀n฀ ฀t฀h฀e  m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ ฀o฀f฀ Ĳ฀V%cO2 p฀ f o r  ฀a฀ ฀r฀a฀n฀g฀e฀ ฀o฀f฀ Ĳ V%cO฀2฀m฀ ฀4฀3฀4  
฀(฀f฀r฀o฀m฀ ฀2฀0฀ ฀–฀ ฀4฀0฀ ฀s฀;฀ ฀F฀i฀g฀u฀r฀e฀ ฀λ฀C฀)฀.฀ ฀F฀o฀r฀ ฀a฀n฀y฀ ฀g฀i฀v฀e฀n฀ Ĳ฀V%cO฀2฀m,  Ĳ฀V%c฀O2 p฀ w a฀s  r e d u c฀e฀d฀ a฀s฀ b a฀s e฀l i e฀ ฀W฀R฀ ฀a฀n฀d฀ Ĳ฀Q%c฀m  ฀4฀3฀5฀ 
฀i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀(฀a฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀o฀p฀p฀o฀s฀i฀t฀e฀ ฀t฀o฀ t฀h a t  ฀o b s e r v e฀d฀ ฀e฀x p ฀r฀i฀m฀e฀n฀t฀a฀l l y  i n  t h e  p e฀s t  ฀s฀t฀u฀d฀y฀)฀.฀ ฀T฀h฀i฀s฀ ฀4฀3฀6  
฀f฀u฀r฀t฀h฀e฀r฀ ฀s฀u฀p฀p฀o฀r฀t฀s฀ ฀t฀h฀e฀ ฀n฀o฀t฀i฀o฀n฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀s฀l฀o฀w฀i฀n฀g฀ ฀o฀f฀ ฀V%c฀O2฀p ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀c฀o฀i฀n฀c฀i฀d฀e฀n฀t฀ ฀w฀i฀t฀h฀ ฀h฀i฀g฀h฀e฀r฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀4฀3฀7฀ 
฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀s฀,฀ ฀s฀e฀e฀n฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀a฀n฀d฀ ฀o฀t฀h฀e฀r฀ ฀s฀t฀u฀d฀i฀e฀s฀,฀ ฀r฀e฀f฀l฀e฀c฀t฀s฀ ฀a฀n฀ ฀a฀c฀t฀u฀a฀l฀ ฀s฀l฀o฀w i n g  o f  ฀V%cO2 m k i e t i c s ,฀ ฀a n d  i฀s  ฀4฀3฀8฀ 
฀n฀o฀t฀ ฀a฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y- i฀n฀d฀u฀c฀e d  “ d s t o r t i o n s฀”฀ ฀o฀f฀ ฀a฀n฀ ฀u฀n฀c฀h฀a฀n฀g฀i฀n g  ฀V%c฀O2 m p฀r฀o f฀i฀l฀e฀.฀ ฀ ฀4฀3฀λ฀ 
฀S฀i฀n฀c฀e฀ ฀I฀t฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ ฀s฀u฀g฀g฀e฀s฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀o฀f฀ ฀O฀2฀ d l i v e r฀y฀ r e฀ r g฀i฀o฀n฀a฀l฀l y  ฀4฀4฀0฀ 
฀h฀e฀t฀e฀r฀o฀g฀e฀n฀e฀o฀u฀s฀ ฀w฀i฀t฀h฀i฀n฀ ฀h฀u฀m฀a฀n฀ ฀q฀u฀a฀d฀r฀i฀c฀e฀p฀s฀ ฀m฀u฀s฀c฀l฀e฀ ฀(฀K฀o฀g฀a฀ et al. 2 0 0 7 )฀,฀ ฀w฀e฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀u s e d  t h฀i s  ฀m o d฀e฀l฀ ฀t฀o฀ ฀4฀4฀1฀ 
฀p฀r฀o฀v฀i฀d฀e฀ ฀a฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀a฀l฀ ฀e฀x฀p฀l฀a฀n฀a฀t฀i฀o฀n฀ ฀t฀o฀ ฀r฀e฀c฀o฀n฀c฀i฀l฀e฀ ฀w฀h฀y฀ ฀V%cO฀2฀p  k฀i฀n฀e฀t฀i฀c฀s฀ ฀w฀e฀r฀e฀ ฀s฀l฀o฀w d  (฀f฀r฀o m ~  ฀2฀2  ฀s฀ ฀t฀o฀ ฀~฀ ฀4฀4฀2฀ 
฀3฀5฀ ฀s฀)฀ ฀i฀n฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ ฀h฀i฀g฀h฀e฀r฀ ฀b฀a฀s฀e฀l฀i฀n฀e  W฀R s฀ ฀b฀u฀t฀ ฀a฀r฀e฀ ฀f฀a s t  ( ~฀ ฀2฀0฀ ฀s )  a n฀d฀ ฀4฀4฀3฀ 
฀u฀n฀c฀h฀a฀n฀g฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀a฀ ฀2฀0฀ ฀W฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀b฀u฀t฀ ฀in฀c฀r e a s฀i n฀g฀ ǻ W฀R฀ ฀i฀n c r฀e฀m฀e n t฀.฀ ฀I n  ฀4฀4฀4฀ 
฀a฀c฀c฀o฀r฀d฀a฀n฀c฀e฀ ฀w฀i฀t฀h฀ ฀K฀o฀g฀a฀ et al.฀ ฀(฀2฀0฀0฀7฀) ,  w฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀t฀h฀a฀t฀ ฀“฀k฀i฀n฀e฀t฀i฀c฀a฀l฀l฀y฀-฀f a s t e r฀” f i b r฀e  p o o l s  ฀4฀4฀5฀ 
฀2฀1฀ 
฀ 
฀ 
฀(฀p฀r฀e฀s฀u฀m฀a฀b฀l฀y฀ ฀t฀h฀o฀s฀e฀ ฀w฀i฀t฀h฀ ฀a฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀m฀i฀t฀o฀c฀h฀o฀n฀d฀r฀i฀a฀l฀ ฀v฀o฀l฀u฀m฀e฀ ฀a฀n฀d฀ ฀b฀e฀t฀t฀er  b฀l o o฀d฀ ฀s฀u฀p฀p฀l฀y฀)฀ ฀d฀o฀m฀i฀n฀a฀t฀e฀ ฀t฀h฀e฀ ฀4฀4฀6฀ 
฀c฀o฀l฀l฀e฀c฀t฀i฀v฀e฀,฀ ฀o฀r฀ ฀h฀o฀m฀o฀g฀e฀n฀i฀z฀e฀d฀,฀ ฀V%c฀O฀2 p ฀r฀e s฀p฀o฀n฀s฀e฀ ฀b฀y฀ ฀e฀x฀e฀r฀t฀i฀n฀g฀ ฀a฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀n฀ ฀Cv O2  o f  ฀t฀h฀e  ฀b l฀o฀o d  ฀4฀4฀7฀ 
฀d฀r฀a฀i฀n฀i฀n฀g฀ ฀t฀h฀e฀ ฀m฀u฀s฀c฀l฀e฀ ฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀e฀a฀r฀l฀y฀ ฀p฀o฀r฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀.฀ ฀T฀o  ฀e฀x p l o r  ฀t฀h i฀s  ฀s฀u฀g g e s t i฀o n  w฀e฀ ฀u฀s฀e฀d฀ ฀4฀4฀8฀ 
฀a฀ ฀m฀o฀d฀e฀l฀ ฀b฀r฀o฀a฀d฀l฀y฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀s฀i฀x฀ ฀m฀u฀s฀c฀l฀e฀ ฀“฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀”฀ ฀d฀e฀r฀i฀v฀e฀d฀ ฀f฀r o฀m฀ ฀t฀h฀e฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀t฀o฀ t฀h e  s฀i฀x฀ ฀4฀4฀λ฀ 
฀฀฀4฀0฀W฀ ฀s฀t฀e฀p฀s฀ ฀t฀h฀a฀t฀ ฀w฀e฀r฀e฀ ฀e฀x฀a฀m฀i฀n฀e฀d฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀s฀t฀u฀d฀y฀.฀ ฀W฀e฀ ฀a฀s฀s฀u฀m฀e฀d฀ ฀t฀h฀a฀t฀ ฀e฀ac h  ฀c o m p a฀r฀t m฀e฀n t฀ ฀w a s  o f e฀q฀u฀a฀l฀ ฀4฀5฀0  
฀s฀i฀z฀e฀ ฀b฀u฀t฀ ฀v฀a฀r฀i฀e฀d฀ ฀i฀n฀ ฀V%cO฀2฀m฀ ฀a฀n฀d  Q%cm  ฀k฀i฀n฀e฀t฀i c s฀.฀ ฀W฀e฀ ฀e฀x฀a฀m฀i฀n฀e฀d฀ ฀t฀h฀e฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀V%c฀O2฀p ฀r฀e฀s p o n฀s e  ฀t o   s t e p -฀4฀5฀1฀ 
฀c฀h฀a฀n฀g฀e฀ ฀i฀n฀ ฀W฀R฀ ฀f฀r฀o฀m฀ ฀2฀0฀ ฀t฀o฀ ฀1฀2฀0฀ ฀W฀ ฀d฀e฀r฀i฀v฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀s฀i฀m฀u฀l฀t฀a฀n฀e฀o฀u฀s฀ ฀a฀c฀t฀i v a t฀i฀o฀n  ฀o฀f฀ ฀t฀h฀e฀s e฀ ฀4฀5฀2฀ 
฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀(฀s฀e฀e฀ ฀M฀e฀t฀h฀o฀d฀s฀)฀.฀ ฀V%cO2฀m฀ a n d  Q%cm฀ ฀k฀i฀n฀e t i c s  ฀f฀o฀r  e฀a฀c฀h฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀ ฀w฀e฀r฀e฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ad-฀4฀5฀3฀ 
hoc฀ ฀a฀n฀d฀ ฀w฀e฀r฀e฀ ฀s฀e฀l฀e฀c฀t฀e฀d฀ ฀t฀o฀ ฀r฀e฀f฀l฀e฀c฀t฀ ฀t฀h฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀(฀a฀s฀ ฀i฀n฀f฀e฀r฀r฀e฀d฀ ฀f฀r฀o฀m฀ ฀V%cO฀2฀p  a฀n฀d฀ ฀[฀H H b฀] )  f r o m฀ ฀t฀h฀e฀ ฀g฀r฀o฀u p  ฀4฀5฀4฀ 
฀m฀e฀a฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀e฀q฀u฀a฀l฀ ฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀ ฀s฀t฀e฀p฀s฀ ฀(Ĳ฀V%cO฀2 m  ฀=฀ ฀1฀5 ,  2 0 ,  2 5฀,฀ ฀3฀0฀,฀ ฀3฀5฀,฀ ฀4฀0฀ ฀s฀ ฀a฀n฀d฀ Ĳ฀Q%c฀  =  2 0 ,  2 5 ,  3 0 ,  ฀4฀5฀5฀ 
฀3฀5฀,฀ ฀4฀0฀,฀ ฀4฀5฀ ฀s฀ ฀f฀o฀r฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀1฀ ฀–฀ ฀6฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀)฀.฀ ฀T฀h฀e฀r฀e฀ ฀w฀a฀s฀ ฀a฀ ฀s l฀i฀g฀h฀t฀ ฀d฀i฀s฀c฀r฀e p฀a฀n฀c฀y฀ ฀b฀e฀t฀w e n  t h฀e  ฀4฀5฀6฀ 
฀V%c฀O฀2฀p ฀m฀o฀d฀e฀l฀ ฀o฀u฀t฀p฀u฀t฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀V%c฀O2 p฀ r e s p o n฀s e  ( F i฀g u r e  ฀1 0฀)฀ ฀i฀n฀ ฀t฀h฀e฀ ฀e฀a฀r฀l฀y฀ ฀p฀h฀a฀s฀e฀ ฀(฀p฀h฀a฀s฀e฀ ฀I฀)฀ ฀o฀f฀ ฀4฀5฀7  
฀t฀h฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀(฀p฀o฀s฀s฀i฀b฀l฀y฀ ฀d฀u฀e฀ ฀t฀o฀ ฀d i฀f฀f฀e฀r฀e฀n฀c฀e s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀b฀l฀o฀o฀d฀ ฀f฀l฀o฀w฀ ฀p฀r o฀f i l e  ฀d u r i฀n฀g฀ ฀a฀b฀r฀u฀p฀t฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀4฀5฀8  
฀∆฀1฀0฀0฀W฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀t฀o฀ ฀∆฀4฀0฀W฀)฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ Ĳ฀V%c฀O2฀p ฀w฀a฀s฀ 2 3฀.฀5  s฀ ฀w฀h฀i฀c h  w  l e s s฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀m฀e฀a฀n฀ ฀4฀5฀λ฀ 
Ĳ฀V%c฀O฀2฀m฀ o฀f฀ ฀a฀l฀l฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀(฀2฀7฀.฀5฀ ฀s฀)฀ ฀a฀n฀d฀ ฀v฀e฀r฀y฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀t฀o฀ ฀t฀h฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀V%c฀O2฀p ฀r฀e฀s฀p o n s e  o f  ฀2฀2  s .฀ ฀T฀h฀i฀s  ฀4฀6฀0฀ 
฀s฀u฀g฀g฀e฀s฀t฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀c฀o฀n฀f฀l฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀Q%c฀m฀ d฀y฀n฀a฀m฀i฀c฀s฀ ฀a฀m o฀n฀g฀s t  c o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀m฀a฀y฀ ฀m฀o฀d฀u฀l฀a฀t฀e฀ ฀t฀h฀e฀ ฀4฀6฀1฀ 
฀“฀s฀u฀m฀m฀a฀t฀e฀d฀”฀ ฀V%c฀O2฀m฀ k฀i n e t i฀c฀s฀ ฀t฀o฀w฀a฀r฀d฀s฀ ฀a฀ ฀f฀a฀s฀t฀e฀r฀ Ĳ฀V%c฀O฀2฀p v฀i a  ฀d฀i s p r o p฀o฀r฀t i฀o฀n฀a฀t฀e฀ ฀a฀n฀d฀ ฀t฀i฀m฀e฀-฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀4฀6฀2฀ 
฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀(฀o฀f฀ ฀t฀h฀o฀s฀e฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀)฀ ฀t฀o฀ ฀t฀h฀e฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀o฀f฀ ฀Cv฀O2฀ o฀f฀ ฀b฀l o o d฀ ฀d r a i n i n g฀ ฀t h฀e฀ ฀m฀u฀s฀c฀l฀e .  ฀4฀6฀3฀ 
฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀i฀t฀ ฀i฀s฀ ฀p฀o฀s฀s฀i฀b฀l฀e฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ Ĳ฀V%cO฀2฀p฀ f r฀o฀m  ฀t฀h฀e  ฀l฀a฀r฀g e r  s t e p -฀c฀h฀a฀n฀g฀e฀s฀ ฀(฀i฀.฀e฀.฀,฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀s฀)฀ ฀4฀6฀4฀ 
฀m฀a฀y฀ ฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀b฀l฀o฀o฀d฀ ฀f฀l฀o฀w฀ ฀a฀n฀d฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀h฀e฀t฀e฀r฀og e n e฀i฀t฀y฀ ฀a฀n฀d  ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ i n  ฀4฀6฀5฀ 
฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀a฀n฀d฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀e฀x฀i s t i n g  w฀i t h i  t฀h฀e฀ ฀p฀o฀o฀l฀ ฀o฀f฀ ฀m฀u s c l฀e฀ ฀f฀i฀b r฀e฀s฀ ฀r฀e฀c฀r฀u฀i฀t฀e฀d฀ ฀t฀o฀ ฀s฀u฀p฀p฀o฀r฀t฀ ฀4฀6฀6฀ 
฀t฀h฀e฀ ฀c฀h฀a฀n฀g฀e฀ ฀i฀n฀ ฀W฀R฀.฀ ฀A฀l฀t฀h฀o฀u฀g฀h฀ ฀Q%c฀m  d y n฀a฀m i฀c฀s฀ w e r e฀ n฀o฀t฀ ฀d฀i฀r฀e฀c฀t฀l฀y฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀,฀ ฀m฀i฀c฀r฀o฀v฀a฀s฀c฀u฀l฀a฀r฀ ฀O2  ฀4฀6฀7  
฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀(฀P฀m฀vO฀2฀)฀ ฀h฀a s฀ ฀b฀e฀e฀n฀ ฀s฀h฀o฀w฀n฀ ฀t฀o฀ ฀d฀r฀o฀p฀ ฀a฀t฀ ฀a฀ ฀f฀a฀s฀t฀e฀r฀ ฀r฀a฀t฀e฀ ฀a฀n฀d฀ ฀t฀o฀ ฀a฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀e฀x฀t฀e฀n฀t฀ ฀a t  t฀h฀e฀ ฀o฀n฀s฀e฀t฀ ฀o฀f฀ ฀4฀6฀8฀ 
฀2฀2฀ 
฀ 
฀ 
฀c฀o฀n฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀i฀n฀ ฀r฀a฀t฀ ฀m฀u฀s฀c฀l฀e฀ ฀c฀o฀m฀p฀r฀i฀s฀e฀d฀ ฀p฀r฀e฀d฀o฀m฀i฀n฀a฀t฀e฀l฀y฀ ฀o฀f฀ ฀f฀a฀s฀t฀-฀ ฀c฀o฀m฀pa r e d  t฀o฀ ฀s l฀o฀w - m u s c l e฀ f฀i฀b฀r฀e฀s฀ ฀4฀6฀λ฀ 
฀(฀B฀e฀h฀n฀k฀e฀ et al.฀ ฀2฀0฀0฀3฀;฀ ฀M฀c฀D฀o฀n฀o฀u฀g฀h฀ et al.฀ ฀2 0 0 5 ) .฀ ฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀i฀t฀ ฀i฀s฀ ฀c฀o฀n฀c฀e฀i฀v฀a฀b฀l฀e฀ ฀t฀h฀a฀t฀ ฀h฀u฀m฀a฀n฀ ฀s฀k฀e฀l฀e฀t฀a฀l฀ ฀4฀7฀0฀ 
฀m฀u฀s฀c฀l฀e฀ ฀m฀a฀y฀ ฀a฀l฀s฀o฀ ฀e฀x฀p฀r฀e฀s฀s฀ ฀d฀i฀v฀e฀r฀s฀i฀t฀y฀ ฀i฀n฀ ฀Q%c฀m  d y n a m฀i c s  s u฀c h฀ ฀t฀h฀a฀t฀ ฀m฀u s฀c฀l฀e฀ ฀f฀i฀b฀r฀e฀s฀ ฀w฀i฀t฀h฀ ฀s฀l฀o฀w฀ ฀V%c฀O2฀m ฀4฀7฀1฀ 
฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀m฀a฀y฀ ฀a฀l฀s฀o฀ ฀h฀a฀v฀e฀ ฀s฀l฀o฀w฀e฀r฀ ฀b฀l฀o฀o฀d฀ ฀f฀l฀o฀w฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀.฀ ฀ ฀4฀7฀2฀ 
Reconciling models of Vլ O2p kinetic control  ฀4฀7฀3฀ 
฀T฀h฀u฀s฀,฀ ฀w฀h฀i฀l฀e฀ ฀d฀i฀s฀t฀i฀n฀g฀u฀i฀s฀h฀i฀n฀g฀ ฀a฀m฀o฀n฀g฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀o฀u฀s฀ ฀h฀y฀p฀o฀t฀h฀e฀s฀e฀s฀ ฀f฀o฀r฀ ฀V%cO฀2฀p ฀k฀i n e t i฀c฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀w฀i฀l฀l฀ ฀4฀7฀4฀ 
฀r฀e฀q฀u฀i฀r฀e฀ ฀c฀o฀m฀p฀l฀e฀x฀ ฀a฀n฀d฀ ฀d฀e฀t฀a฀i฀l฀e฀d฀ ฀d฀e฀s฀c฀r฀i฀p฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀V%c฀O฀2฀m ฀a฀n฀d฀ ฀i฀n฀t฀r฀a฀m y o c e l l u l a r  s i฀g฀n a l฀l฀i฀n฀g฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀4฀7฀5฀ 
฀u฀n฀d฀e฀r฀ ฀a฀ ฀r฀a฀n฀g฀e฀ ฀o฀f฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀(฀s฀u฀c฀h฀ ฀a฀s฀ ฀t฀h฀o฀s฀e฀ ฀u฀s฀e฀d฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀s฀t฀u฀d฀y฀)฀, ฀o u r  c o m฀b฀i฀n฀e฀d฀ in vivo฀ a n฀d฀ in silico  ฀4฀7฀6฀ 
฀d฀a฀t฀a฀ ฀p฀r฀o฀p฀o฀s฀e฀ ฀a฀ ฀u฀n฀i฀f฀y฀i฀n฀g฀ ฀h฀y฀p฀o฀t฀h฀e฀s฀i฀s฀.฀ ฀T฀h฀a฀t฀ ฀V%cO฀2 p k i n e t i฀c s฀ ฀w e฀r e฀ ฀i฀n฀v a r i฀a฀n฀t฀ ฀i฀n฀ ฀t฀h฀e฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀ ฀d฀o฀m฀a฀i฀n฀ ฀4฀7฀7฀ 
฀w฀i฀t฀h฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀i฀s฀ ฀c฀o฀n฀s฀i฀s฀t฀e฀n฀t฀ ฀w฀i฀t฀h฀ ฀f฀i฀r฀s฀t฀ ฀o฀r฀d฀e฀r฀ ฀c฀o฀n฀t฀r฀o฀l฀.฀ W h฀i฀l e฀ t h e  p r o g r฀e฀s s i v e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀4฀7฀8฀ 
฀i฀n฀ Ĳ฀V%cO฀2 p ฀w฀i฀t฀h฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀s฀ ฀a฀p฀p฀e฀a฀r฀s฀ ฀t฀o฀ ฀s฀u฀b฀v฀e฀r฀t฀ ฀t฀h฀e฀ ฀r฀e฀q฀u฀i฀r฀e฀m฀e฀n฀t฀s฀ ฀o฀f฀ ฀a฀ ฀f฀i฀r s t  o r d e r฀4฀7฀λ  
฀s฀y฀s฀t฀e฀m฀,฀ ฀w฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀s฀e฀ ฀f฀i฀n฀d฀i฀n฀g฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀r฀e฀c฀o฀n฀c฀i฀l฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀u฀n฀d e r฀s฀t฀a฀n฀d฀i฀n฀g฀ ฀o฀f฀ ฀t฀h฀e฀ ฀4฀8฀0฀ 
฀h฀e฀t฀e฀r฀o฀g฀e฀n฀e฀i฀t฀y฀ ฀i฀n฀ ฀b฀o฀t฀h฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀o฀f฀ ฀m฀u฀s฀c฀l฀e฀ ฀m฀o฀t฀o฀r฀ ฀u฀n฀i฀t฀ ฀r฀e฀c฀r฀u฀i฀t฀m฀e฀n฀t ( o฀ f  ฀ f฀ i฀ b฀ r e s  w฀ i฀ t฀ h  ฀ d i f f e฀ r฀ e฀ n t  ฀ a฀  ฀4฀8฀1฀ 
฀v฀o฀l฀u฀m฀e฀ ฀o฀f฀ ฀m฀i฀t฀o฀c฀h฀o฀n฀d฀r฀i฀a฀l฀ ฀n฀e฀t฀w฀o฀r฀k฀)฀ ฀a฀n฀d฀ ฀o฀f฀ ฀b฀l฀o฀o฀d฀ ฀f฀l฀o฀w฀ ฀(฀w฀h฀e฀r฀e฀ ฀t฀h฀e฀ ฀m฀i฀c฀r฀o฀v฀a฀s฀c฀u฀l฀a฀r฀ ฀b฀l฀o฀o฀d฀ ฀f฀l฀o฀w฀ ฀4฀8฀2฀ 
฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀m฀a฀y฀ ฀v฀a฀r฀y฀ ฀t฀o฀ ฀a฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀m฀a฀g฀n฀i฀t฀u฀d฀e฀ ฀t฀o฀ ฀V%cO฀2฀p k฀i n฀e฀t i c s ) .  T h u s ,฀ ฀t฀h฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀ ฀a฀n฀d฀ ฀m฀i฀x฀i฀n฀g฀ ฀o฀f฀ ฀4฀8฀3฀ 
฀b฀l฀o฀o฀d฀ ฀d฀r฀a฀i฀n฀i฀n฀g฀ ฀k฀i฀n฀e฀t฀i฀c฀a฀l฀l฀y฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀m฀o฀t฀o฀r฀ ฀u฀n฀i฀t฀s฀ ฀a฀r฀e฀ ฀l฀a฀t฀e฀r฀ ฀c฀o฀m฀b฀i฀n฀e฀d฀ ฀t฀o฀ ฀f o r฀m  a  V%cO฀2 p k i n t i฀c฀ ฀4฀8฀4฀ 
฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀t฀h฀a฀t฀ ฀i฀s฀ ฀d฀o฀m฀i฀n฀a฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀t฀o฀r฀ ฀u฀n฀i฀t฀s฀ ฀w฀h฀e฀r฀e฀ ฀b฀o฀t฀h฀ ฀V%cO2฀m฀ a n d  Q%c฀m฀ k฀i n e฀t฀i c฀s฀ ฀4฀8฀5฀ 
฀a฀r฀e฀ ฀f฀a฀s฀t฀.฀ ฀T฀h฀e฀s฀e฀ ฀f฀e฀a฀t฀u฀r฀e฀s฀ ฀c฀a฀n฀ ฀e฀x฀p฀l฀a฀i฀n฀ ฀b฀o฀t฀h฀ ฀t฀h฀e฀ ฀m฀a฀i฀n฀ ฀f฀i฀n฀d฀i฀n฀g฀s฀ ฀o฀f฀ ฀V%cO฀2฀p k i e t i฀c฀ ฀b e h a v i o u r  i n  t฀h฀i฀s฀ ฀4฀8฀6฀ 
฀s฀t฀u฀d฀y฀ ฀a฀n฀d฀ ฀r฀e฀m฀a฀i฀n฀ ฀c฀o฀n฀s฀i฀s฀t฀e฀n฀t฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀a฀s฀s฀u฀m฀p฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀a฀p฀p฀a฀r฀e฀n฀t฀ ฀f฀ir s t  o r d฀e r  c o฀n฀t฀r o฀l .  ฀4฀8฀7฀ 
Conclusion ฀4฀8฀8฀ 
฀T฀h฀e฀ ฀m฀a฀i฀n฀ ฀f฀i฀n฀d฀i฀n฀g฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀e฀n฀t฀ ฀s฀t฀u฀d฀y฀ ฀w฀a฀s฀ ฀t฀h฀a฀t฀ ฀V%c฀O฀2 p฀ ฀k i n t i฀c฀s฀ ฀a฀r฀e฀ ฀n฀o t฀ ฀a฀l฀t฀e r e d฀ ฀w฀h฀e฀n฀ ฀s฀t฀e฀p฀-฀4฀8฀λ฀ 
฀c฀h฀a฀n฀g฀e฀s฀ ฀a฀r฀e฀ ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀a฀ ฀2฀0฀ ฀W฀ b฀a฀s฀e฀l฀i฀n฀e฀ ฀W R฀,  ฀b u t  ฀g฀e t฀ p฀r฀o฀g฀r฀e฀s฀si v e l฀y  s l฀o฀w e฀r  w฀i t h  i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀4฀λ฀0฀ 
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀.฀ ฀T฀h฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀s฀l฀o฀w฀i฀n฀g฀ ฀o฀f฀ ฀V%c฀O2฀p฀ k i n e t฀i฀c฀s฀ ฀w฀i฀t฀h฀ ฀i฀n฀c฀r฀e฀a฀s฀i n g฀ b฀a฀s฀e฀l฀i฀n฀e฀ ฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀4฀λ฀1฀ 
฀2฀3฀ 
฀ 
฀ 
฀c฀o฀u฀l฀d฀ ฀n฀o฀t฀ ฀b฀e฀ ฀a฀t฀t฀r฀i฀b฀u฀t฀e฀d฀ ฀t฀o฀ ฀l฀i฀m฀i฀t฀a฀t฀i฀o฀n฀s฀ ฀i฀n฀ ฀O2  ฀d฀e฀l฀i฀v฀e฀r฀y฀ ฀(฀s฀i฀n฀c e฀ ฀t฀h฀e฀ ฀m a g i t฀u฀d฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀4฀λ฀2฀ 
฀b฀e฀t฀w฀e฀e฀n฀ ฀k฀i฀n฀e฀t฀i฀c฀ ฀a฀d฀j฀u฀s฀t฀m฀e฀n฀t฀s฀ ฀o฀f฀ ฀[฀H฀H฀b฀]฀ ฀a฀n฀d฀ ฀V%c฀O2฀p฀ w a s  u฀n c h a n฀g฀e฀d฀ ฀r฀e฀g a r d l e s s  ฀o฀f฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀o฀r฀ ฀4฀λ฀3฀ 
฀∆฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀)฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀a฀ ฀m฀o฀d฀e฀l฀ ฀c฀o฀m฀b฀i฀n฀i฀n฀g฀ ฀h฀e฀t฀e฀r฀o฀g฀e฀n฀e฀o฀u฀s฀ ฀m฀e฀t฀a฀b฀ol฀i฀s฀m฀ ฀a฀n฀d฀ ฀b฀l฀o฀o฀d฀ ฀f฀l฀o฀w฀ ฀4฀λ฀4฀ 
฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀w฀a฀s฀ ฀a฀b฀l฀e฀ ฀t฀o฀ ฀r฀e฀c฀o฀n฀c฀i฀l฀e฀ ฀t฀h฀e฀s฀e฀ ฀a฀p฀p฀a฀r฀e฀n฀t฀l฀y฀ ฀c฀o฀n฀f฀l฀i฀c฀t฀i฀n฀g฀ ฀f฀i฀nd i฀n฀g฀s฀.฀ C o l l c t i฀v฀e฀l฀y฀,฀ ฀t฀h฀e฀s฀e฀ ฀d฀a฀t฀a฀ ฀4฀λ฀5฀ 
฀s฀u฀g฀g฀e฀s฀t฀ ฀t฀h฀a฀t฀ ฀w฀i฀t฀h฀i฀n฀ ฀t฀h฀e฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀d฀o฀m฀a฀i฀n฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%c฀O฀2฀p฀ k฀i฀n฀e฀t i c s  a r e  i n f l u e n c฀e฀d฀ b y  p r e -฀4฀λ฀6฀ 
฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀W฀R฀,฀ ฀b฀e฀c฀o฀m฀i฀n฀g฀ ฀s฀l฀o฀w฀e฀r฀ ฀as  b a s e l i฀n฀e฀ ฀W R  ฀i n c e ฀s฀e฀s฀,฀ ฀a฀n฀d฀ ฀a฀re  s t r฀o฀n g l y  i n f l u e n c e฀d฀ ฀b฀y฀ ฀4฀λ฀7  
฀h฀e฀t฀e฀r฀o฀g฀e฀n฀e฀i฀t฀y฀ ฀i฀n฀ ฀t฀h฀e฀ ฀d฀y฀n฀a฀m฀i฀c฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀a฀n฀d฀ ฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀p฀r฀o฀p฀e฀r฀t฀ie s  o฀f฀ ฀t฀h฀e฀ a฀c฀t i v e฀ m฀u฀s฀c฀l฀e฀s฀.฀ ฀T฀a฀k฀e฀n  ฀4฀λ฀8฀ 
฀t฀o฀g฀e฀t฀h฀e฀r฀,฀ ฀t฀h฀e฀s฀e฀ ฀d฀a฀t฀a฀ ฀s฀u฀g฀g฀e฀s฀t฀ ฀t฀h฀a฀t  t h e  w฀o฀r฀k฀ ฀r฀a฀t e - d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀n฀o฀n฀-฀li n e฀a฀r  V%cO฀2 p  r฀e s o n s s  m฀a฀y฀ ฀b฀e฀ ฀4฀λ฀λ  
฀a฀t฀t฀r฀i฀b฀u฀t฀a฀b฀l฀e฀ ฀t฀o฀ ฀“฀h฀e฀t฀e฀r฀o฀g฀e฀n฀e฀i฀t฀y฀”฀ ฀w฀i฀t฀h฀i฀n฀ ฀t฀h฀e฀ ฀r฀a฀n฀g฀e฀ ฀o฀f฀ ฀m฀u฀s฀c฀l฀e฀ ฀f฀i฀b฀r฀e฀s฀ ฀r฀e c r฀u฀i฀t e฀d  o  a d d฀r฀e฀s฀s฀ ฀t h e x e฀r c i s฀e  ฀5฀0฀0฀ 
฀c฀h฀a฀l฀l฀e฀n฀g฀e฀.฀ ฀I฀m฀p฀o฀r฀t฀a฀n฀t฀l฀y฀,฀ ฀e฀a฀c฀h฀ ฀o฀f฀ ฀t฀h฀e฀s฀e฀ ฀m฀u฀s฀c฀l฀e฀ ฀f฀i฀b฀r฀e฀s฀ ฀m฀a฀y฀ ฀i฀n฀d฀e฀p฀e฀n฀d฀e฀n฀t฀l฀y฀ ฀b฀e฀h฀a฀v฀e a s  a  l i฀n e a r฀,฀ ฀f฀i r s t  ฀5฀0฀1฀ 
฀o฀r฀d฀e฀r฀ ฀s฀y฀s฀t฀e฀m฀.฀  ฀5฀0฀2฀ 
฀2฀4฀ 
฀ 
฀ 
$FNQRZOHGJPHQWV฀ ฀ ฀W฀e฀ ฀w฀o฀u฀l฀d฀ ฀l฀i฀k฀e฀ ฀t฀o฀ ฀e฀x฀p฀r฀e฀s฀s฀ ฀o฀u฀r฀ ฀g฀ra t i t u d e  t o  t฀h e  ฀p a r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀s฀t฀u฀d y .  ฀W e  ฀5฀0฀3฀ 
฀a฀l฀s฀o฀ ฀e฀x฀t฀e฀n฀d฀ ฀o฀u฀r฀ ฀g฀r฀a฀t฀i฀t฀u฀d฀e฀ ฀t฀o฀ ฀P฀r฀o฀f฀e฀s฀s฀o฀r฀ ฀P฀.฀A฀.฀ ฀R฀o฀b฀b฀i฀n฀s฀,฀ ฀U฀n฀i฀v฀e฀r฀s฀i฀t฀y฀ ฀o฀f฀ ฀O฀x฀f฀o฀r฀d฀,฀ ฀f฀o฀r฀ ฀p฀r฀o฀v฀i฀d฀i n g  t h e  ฀5฀0฀4฀ 
฀“฀E฀n฀d฀-฀t฀i฀d฀a฀l฀ ฀F฀o฀r฀c฀i฀n฀g฀”฀ ฀s฀o฀f฀t฀w฀a฀r฀e฀ ฀f฀o฀r฀ ฀b฀r฀e฀a฀t฀h฀-฀b฀y฀-฀b฀r฀e฀a฀t฀h฀ ฀p฀u฀l฀m฀o฀n฀a฀r฀y฀ ฀o฀x฀yg฀e฀n  u p t฀a฀k฀e฀ ฀m฀e฀a฀s u r e฀m e n t .  ฀ ฀5฀0฀5฀ 
฀ ฀5฀0฀6฀ 
*UDQWV฀ ฀T฀h฀i฀s฀ ฀s฀t฀u฀d฀y฀ ฀w฀a฀s฀ ฀s฀u฀p฀p฀o฀r฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀N฀a฀t฀i฀o฀n฀a฀l฀ ฀S฀c฀i฀e฀n฀c฀e฀ ฀a฀n฀d฀ ฀E฀n฀g฀i฀n฀e฀e฀r฀in g  R e s e a฀r c h฀ C o฀u฀n฀c฀i฀l฀ ฀o฀f฀ ฀5฀0฀7฀ 
฀C฀a฀n฀a฀d฀a฀ ฀(฀N฀S฀E฀R฀C฀)฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀a฀n฀d฀ ฀e฀q฀u฀i฀p฀m฀e฀n฀t฀ ฀g฀r฀a฀n฀t฀s฀ ฀(฀R฀G฀P฀G฀P฀-฀2฀0฀1฀5฀-฀0฀0฀0฀8฀4฀).฀ ฀D a n i฀e฀l฀ ฀A฀.฀ ฀K฀e฀i฀r฀ ฀w฀a s  ฀5฀0฀8฀ 
฀s฀u฀p฀p฀o฀r฀t฀e฀d฀ ฀b฀y฀ ฀a฀ ฀P฀o฀s฀t฀-฀G฀r฀a฀d฀u฀a฀t฀e฀ ฀D฀o฀c฀t฀or l  S c h o฀l a r s h i฀p  ฀f฀r฀o฀m฀ ฀N฀S฀E฀R฀C฀.฀ ฀5฀0฀λ฀ 
฀ ฀5฀1฀0฀ 
'LVFORVXUHV฀N฀o฀ ฀c฀o฀n฀f฀l฀i฀c฀t฀s฀ ฀o฀f฀ ฀i฀n฀t฀e฀r฀e฀st ,  f i n a n฀c฀i฀a฀l฀ o฀r฀ ฀o฀t฀h฀e฀r฀w฀i฀s฀e฀,฀ ฀a฀r฀e฀ ฀d฀e฀c฀l฀a฀r฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀a฀u t h฀o฀r฀s฀.฀ ฀5฀1฀1฀ 
฀ ฀5฀1฀2฀ 
$XWKRU&RQWULEXWLRQV฀D฀.฀A฀.฀K฀ ฀a฀n฀d฀ ฀J฀.฀M฀.฀K฀.฀ ฀c฀o฀n฀c฀e฀i฀v฀e฀d฀ ฀a฀n฀d฀ ฀d฀e฀s฀i฀g฀n฀e฀d฀ ฀t฀h฀e฀ ฀s฀t฀u฀d฀y฀;฀ ฀D฀.฀A฀.฀K฀ ฀a฀n฀d฀ ฀T฀.C฀.฀R฀ ฀5฀1฀3฀ 
฀c฀o฀l฀l฀e฀c฀t฀e฀d฀ ฀t฀h฀e฀ ฀d฀a฀t฀a฀;฀ ฀A฀.฀P฀.฀B฀ ฀c฀o฀l฀l฀e฀c฀t฀e฀d฀ ฀t฀h฀e฀ ฀c฀o฀m฀p฀u฀t฀a฀t฀i฀o฀n฀a฀l฀ ฀d฀a฀t฀a฀;฀ ฀a฀l฀l฀ ฀a฀u฀t฀h฀o฀r฀s฀ ฀i฀n฀t฀e฀r฀p฀r฀e฀t฀e฀d฀ ฀t h e  r฀e s u l t฀s฀ ฀o฀f฀ ฀5฀1฀4฀ 
฀t฀h฀e฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀/฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀s฀;฀ ฀D฀.฀A฀.฀K฀.฀ ฀p฀r฀e฀p฀a฀r฀e฀d฀ ฀t฀h฀e฀ ฀f฀i฀g฀u฀r฀e฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀f฀i฀r฀s฀t฀ ฀d r a f t฀ ฀o f฀ ฀t฀h฀e฀ ฀m a฀n u s c r i p t ;  a l฀l฀ ฀5฀1฀5  
฀a฀u฀t฀h฀o฀r฀s฀ ฀e฀d฀i฀t฀e฀d฀ ฀a฀n฀d฀ ฀a฀p฀p฀r฀o฀v฀e฀d฀ ฀t฀h฀e฀ ฀f฀i฀n฀a฀l฀ v e r s i o n  o f  ฀t฀h e฀ ฀m a฀n฀u฀s฀c฀r฀i฀p฀t฀.  ฀5฀1฀6฀ 
฀  ฀  ฀5฀1฀7฀ 
฀2฀5฀ 
฀ 
฀ 
5HIHUHQFHV฀5฀1฀8฀ 
฀B฀a฀r฀s฀t฀o฀w฀ ฀T฀J฀,฀ ฀L฀a฀m฀a฀r฀r฀a฀ ฀N฀ ฀&฀ ฀W฀h฀i฀p฀p฀ ฀BJ฀ ฀(฀1฀λ฀λ฀0฀)฀.฀ M฀o฀d฀u฀l a฀t i o n฀ ฀o฀f฀ ฀m฀u฀s฀c฀l฀e฀ ฀an  p u l m฀o฀n฀a฀r฀y  ฀O฀2  ฀u p t a k e s฀ ฀5฀1฀λ฀ ฀b฀y฀ ฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c฀s d u฀r฀i n g฀ e x e r฀c i฀s฀e฀.฀ J Appl Physiol    λ 7 λ –฀λ฀8฀λ฀.฀ ฀5฀2฀0฀ 
฀B฀a฀r฀s฀t฀o฀w฀ ฀T฀J฀ ฀&฀ ฀M฀o฀l฀e฀ ฀P฀A฀ ฀(฀1฀λ฀λ฀1฀)฀.฀ ฀L฀i฀n฀e฀a฀r฀ ฀a฀n฀d฀ ฀n฀o฀n฀l฀i฀n฀e฀a฀r฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ o f  o x฀y g฀e฀n฀ u฀p฀t฀a฀k฀e฀ ฀k฀i n฀e฀t฀i c s  ฀5฀2฀1฀ 
฀d฀u฀r฀i฀n฀g฀ ฀h฀e฀a฀v฀y฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀.฀ J Appl Physiol฀   ฀2฀0฀λ λ – 2 1฀0฀6฀.฀ ฀5฀2฀2฀ 
฀B฀e฀a฀v฀e฀r฀ ฀W฀L฀,฀ ฀W฀a฀s฀s฀e฀r฀m฀a฀n฀ ฀K฀ ฀&฀ ฀W฀h฀ip฀p฀ ฀B J  ฀(฀1฀λ฀8฀6฀)฀.฀ A฀ ฀n฀e฀w฀ ฀m฀e฀t฀h฀o฀d฀ ฀f฀o฀r฀ ฀d฀e฀t฀ec฀t฀i n g  a n a r o b i฀c  t฀h r e s฀h o฀l฀d฀ ฀5฀2฀3฀ 
฀b฀y฀ ฀g฀a฀s฀ ฀e฀x฀c฀h฀a฀n฀g฀e฀.฀ J Appl Physiol฀   ฀2฀0 2 0฀–฀2฀0฀2฀7฀.฀ ฀5฀2฀4฀ 
฀B฀e฀h฀n฀k฀e฀ ฀B฀J฀,฀ ฀M฀c฀D฀o฀n฀o฀u฀g฀h฀ ฀P฀,฀ ฀P฀a฀d฀i฀l฀l฀a฀ ฀D฀J฀,฀ ฀M฀u฀s฀c฀h฀ ฀T฀I฀ ฀&฀ ฀P฀o฀o฀l฀e฀ ฀D฀C฀ ฀(฀2฀0฀0฀3฀)฀.฀ ฀O฀x฀y฀g฀e n  e x c h a฀n g e  p r o f i l฀e฀ ฀5฀2฀5฀ 
฀i฀n฀ ฀r฀a฀t฀ ฀m฀u฀s฀c฀l฀e฀s฀ ฀o฀f฀ ฀c฀o฀n฀t฀r฀a฀s฀t฀i฀n฀g฀ ฀f฀i฀b฀r฀e฀ ฀t฀y฀p฀e฀s฀.฀ J Physiol    ฀5฀λ 7 – 6 0฀5฀.฀ ฀5฀2฀6฀ 
฀B฀e฀n฀s฀o฀n฀ ฀A฀P฀,฀ ฀G฀r฀a฀s฀s฀i฀ ฀B฀ ฀&฀ ฀R฀o฀s฀s฀i฀t฀e฀r฀ ฀H฀B฀ ฀(฀2฀0฀1฀3฀)฀.฀ ฀A฀ ฀v฀a฀l฀i฀d฀a฀t฀e฀d฀ ฀m฀o฀d฀e฀l฀ ฀o฀f฀ o x y g e n฀ u฀p฀t a k e฀ a n d  c i r฀c u l a t o r y  ฀5฀2฀7฀ 
฀d฀y฀n฀a฀m฀i฀c฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀s฀ ฀a฀t฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀o฀n฀s฀e฀t฀ ฀i฀n฀ ฀h฀u฀m฀a฀n฀s฀.฀ J Appl Physiol  ฀ ฀7฀4฀3฀– 7 5 5 .  ฀5฀2฀8฀ 
฀B฀o฀w฀e฀n฀ ฀T฀S฀,฀ ฀M฀u฀r฀g฀a฀t฀r฀o฀y฀d฀ ฀S฀R฀,฀ ฀C฀a฀n฀n฀o฀n฀ ฀D฀T฀,฀ ฀C฀u฀f฀f฀ ฀T฀J฀,฀ L฀a฀i n e y  A F฀,  ฀M฀a฀r฀j฀e฀r฀r฀i฀s o n฀ ฀A฀D฀,฀ ฀S p฀e฀n c e฀r฀ M฀D฀,฀ ฀5฀2฀λ฀ 
฀B฀e฀n฀s฀o฀n฀ ฀A฀P฀,฀ ฀P฀a฀t฀e฀r฀s฀o฀n฀ ฀D฀H฀,฀ ฀K฀o฀w฀a฀l฀c฀h฀u฀k฀ ฀J฀M฀ ฀&฀ ฀R฀o฀s฀s฀i฀t฀e฀r฀ ฀H฀B฀ ฀(฀2฀0฀1฀1฀)฀.฀ ฀A฀ ฀r฀ai s฀e฀d฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c r฀a t฀e฀ ฀5฀3฀0฀ 
฀s฀l฀o฀w฀s฀ ฀p฀u฀l฀m฀o฀n฀a฀r฀y฀ ฀O฀2฀ ฀u฀p฀t฀a฀k฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀o฀n฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀t฀o฀ m o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀in  h u m a n s  ฀5฀3฀1฀ ฀i฀n฀d฀e฀p฀e฀n฀d฀e฀n฀t฀l฀y฀ ฀o฀f฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀.฀ Exp Physiol฀ ฀ ฀1฀0฀4฀λ฀–฀1 0 6 1฀.  ฀5฀3฀2฀ 
฀B฀r฀i฀t฀t฀a฀i฀n฀ ฀C฀J฀,฀ ฀R฀o฀s฀s฀i฀t฀e฀r฀ ฀H฀B฀,฀ ฀K฀o฀w฀a฀l฀c฀h฀u฀k฀ ฀J฀M฀ ฀&฀ ฀W฀h฀i฀p฀p฀ ฀B฀J฀ ฀(฀2฀0฀0฀1฀)฀.฀ ฀E฀f฀f฀e฀c฀t  o f  ฀p฀r฀i o฀r฀ m฀e฀t฀a฀b o฀l i c฀ ฀r a฀t e o n฀5฀3฀3฀ 
฀t฀h฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀o฀f฀ ฀o฀x฀y฀g฀e฀n฀ ฀u฀p฀t฀a฀k฀e฀ ฀d฀u฀r฀i฀n฀g฀ m o฀d฀e฀r฀a฀t - i n t e n s i฀t y  ฀e฀x e r฀c฀i฀s฀e฀.฀ Eur J Appl Phy iol    ฀5฀3฀4฀ 
฀1฀2฀5฀–฀1฀3฀4฀.฀ ฀5฀3฀5฀ 
฀C฀a฀n฀n฀o฀n฀ ฀D฀T฀,฀ ฀W฀h฀i฀t฀e฀ ฀A฀C฀,฀ ฀A฀n฀d฀r฀i฀a฀n฀o฀ ฀M฀F฀,฀ ฀K฀o฀l฀k฀h฀o฀r฀s฀t฀ ฀F฀W฀ ฀&฀ ฀R฀o฀s฀s฀i฀t฀e฀r฀ ฀H฀B฀ ฀(฀20 1 1฀) .  ฀S k฀e฀l฀e฀t฀a฀l  m฀u฀s฀c฀l฀e฀ ฀5฀3฀6฀ 
฀f฀a฀t฀i฀g฀u฀e฀ ฀p฀r฀e฀c฀e฀d฀e฀s฀ ฀t฀h฀e฀ ฀s฀l฀o฀w฀ ฀c฀o฀m฀p฀o฀n฀e฀n฀t฀ ฀o฀f฀ ฀o฀x฀y฀g฀e฀n฀ ฀u฀p฀t฀a฀k฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀d฀u฀r฀i n g฀ e฀x฀e฀r฀c฀i฀s฀e฀ ฀i฀n฀ ฀h฀u฀m฀a฀n฀s฀.฀ ฀5฀3฀7฀ 
J Physiol฀ ฀ ฀7฀2฀7฀–฀7฀3฀λ฀.฀ ฀5฀3฀8฀ 
฀D฀i฀M฀e฀n฀n฀a฀ ฀F฀J฀,฀ ฀B฀a฀i฀l฀e฀y฀ ฀S฀J฀,฀ ฀V฀a฀n฀h฀a฀t฀a l฀o฀ ฀A ,  ฀C h i d n o k  W฀ ฀&฀ ฀J฀o฀n฀e฀s฀ ฀A฀M฀ ฀(฀2฀0฀1฀0฀)฀.  E l e v฀a฀t฀e฀d฀ ฀b฀a฀s฀e฀l i n e  V O2  ฀5฀3฀λ฀ ฀p฀e฀r฀ ฀s฀e฀ ฀d฀o฀e฀s฀ ฀n฀o฀t฀ ฀s฀l฀o฀w฀ ฀O฀2  u p t a k e  k i n e t i฀c฀s฀ ฀d฀u฀r฀i฀n฀g฀ ฀w฀o฀r฀k฀-฀t฀o฀-฀w฀o฀r฀k฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀.฀ J Appl ฀5฀4฀0฀ 
Physiol฀ ฀ ฀1฀1฀4฀8฀–฀1฀1฀5฀4฀.฀ ฀5฀4฀1฀ 
฀G฀r฀a฀s฀s฀i฀ ฀B฀,฀ ฀P฀o฀o฀l฀e฀ ฀D฀C฀,฀ ฀R฀i฀c฀h฀a฀r฀d฀s฀o฀n฀ ฀R฀S,  K n฀i g฀h t  ฀D R ,  E r i c฀k฀s o฀n฀ ฀B฀K฀ ฀&฀ ฀W฀a฀g฀n฀e฀r฀ ฀P฀D฀ ฀(฀1฀λ฀λ฀6฀)฀.฀ M฀u s c฀l฀e฀ ฀O2  ฀5฀4฀2฀ ฀u฀p฀t฀a฀k฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀i฀n฀ ฀h฀u฀m฀a฀n฀s฀μ฀ ฀i฀m฀p฀l฀i฀c฀a฀to n s  f o฀r  e t฀a฀b o l i฀c฀ ฀c o n t฀r฀o฀l฀.฀ J Appl Phy iol ฀ ฀λ 8 8฀–฀λ฀λ฀8 .฀ ฀5฀4฀3฀ 
฀G฀r฀a฀s฀s฀i฀ ฀B฀,฀ ฀R฀o฀s฀s฀i฀t฀e฀r฀ ฀H฀B฀ ฀&฀ ฀Z฀o฀l฀a฀d฀z฀ ฀J฀A฀ ฀(฀2฀0฀1฀5฀)฀.฀ ฀S฀k฀e฀l฀e฀t฀a฀l฀ ฀m฀u฀s฀c฀l฀e฀ ฀f฀a฀t฀i฀gu฀e  ฀a฀n฀d฀ ฀d฀e฀c฀r฀e฀a฀s฀e฀d฀ ฀e฀f฀f฀i฀c฀i e n฀c฀y฀μ฀ ฀5฀4฀4฀ 
฀t฀w฀o฀ ฀s฀i฀d฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀c฀o฀i฀n฀?฀ Exerc Sport Sci R v฀   ฀7฀5฀–฀8฀3฀.฀ ฀5฀4฀5฀ 
฀H฀o฀f฀f฀m฀a฀n฀n฀ ฀U฀,฀ ฀D฀r฀e฀s฀c฀h฀e฀r฀ ฀U฀,฀ ฀B฀e฀n฀s฀o฀n฀ ฀A฀P฀,฀ ฀R฀o฀s฀s฀i฀t฀e฀r฀ ฀H฀B฀ ฀&฀ ฀E฀s฀s฀f฀e฀l฀d฀ ฀D฀ ฀(฀2฀0฀1฀3 )฀.฀ ฀S฀k฀e฀l e฀t a l  m u c l e  V฀O฀2฀ ฀5฀4฀6฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀f฀r฀o฀m฀ ฀c฀a฀r฀d฀i฀o฀-฀p฀u฀l฀m฀o฀n฀a฀r฀y฀ ฀me฀a฀s฀u฀r฀e฀m e n฀t s μ  ฀a฀s฀s฀e฀s฀s฀i฀n฀g฀ ฀d฀i฀s฀t฀o฀r฀t฀io n s  t h r o u฀g฀h฀ ฀O2฀ t r a n฀s p o฀r t  ฀5฀4฀7฀ ฀b฀y฀ ฀m฀e฀a฀n฀s฀ ฀o฀f฀ ฀s฀t฀o฀c฀h฀a฀s฀t฀i฀c฀ ฀w฀o฀r฀k฀-฀r฀a฀t฀e฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀a฀n฀d฀ ฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀m฀o฀d฀e฀l฀l฀i฀n฀g฀.฀ Eur J Appl Physiol฀   ฀5฀4฀8฀ 
฀1฀7฀4฀5฀–฀1฀7฀5฀4฀.฀ ฀5฀4฀λ฀ 
฀2฀6฀ 
฀ 
฀ 
฀H฀u฀g฀h฀s฀o฀n฀ ฀R฀L฀ ฀&฀ ฀M฀o฀r฀r฀i฀s฀s฀e฀y฀ ฀M฀ ฀(฀1฀λ฀8฀2฀)฀.฀ ฀D฀e฀la฀y฀e฀d  k i n e t i฀c฀s฀ ฀o฀f฀ r e s p฀i r a฀t฀o฀r฀y฀ g a s  e x c h a฀n฀g฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀5฀5฀0฀ 
฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀f฀r฀o฀m฀ ฀p฀r฀i฀o฀r฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀.฀ J Appl Physiol฀ ฀ ฀λ฀2฀1 – λ 2 λ .  ฀5฀5฀1฀ 
฀K฀e฀i฀r฀ ฀D฀A฀,฀ ฀N฀e฀d฀e฀r฀v฀e฀e฀n฀ ฀J฀P฀,฀ ฀P฀a฀t฀e฀r฀s฀o฀n฀ ฀D฀H฀ ฀&฀ ฀K฀o฀w฀a฀l฀c฀h฀u฀k฀ ฀J฀M฀ ฀(฀2฀0฀1฀4฀)฀.฀ ฀P฀u฀l฀m฀o฀n฀a฀r฀y฀ ฀O฀2  u p t a k e  ฀k฀i฀n฀e฀t i c s฀ ฀5฀5฀2฀ ฀d฀u฀r฀i฀n฀g฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀e฀x฀e฀r฀c฀i฀se  ฀t฀r฀a฀n s i t฀i฀o฀n s  ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀lw  v e r s u s  ฀e l฀e฀v฀a฀t฀e฀d฀ ฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀5฀5฀3฀ 
฀r฀a฀t฀e฀s฀μ฀ ฀i฀n฀s฀i฀g฀h฀t฀s฀ ฀f฀r฀o฀m฀ ฀m฀a฀n฀i฀p฀u฀l฀a฀t฀i฀o฀n฀s฀ ฀i฀n฀ ฀c฀a฀d฀e฀n฀c฀e฀.฀ Eur J Appl Physiol฀   2 6 5 5 –฀2฀6฀6฀5฀.฀ ฀5฀5฀4฀ 
฀K฀o฀g฀a฀ ฀S฀,฀ ฀P฀o฀o฀l฀e฀ ฀D฀C฀,฀ ฀F฀e฀r฀r฀e฀i฀r฀a฀ ฀L฀F,  W฀h฀i p p฀ ฀B฀J฀,  K฀o฀n฀d o  ฀N฀,฀ ฀S฀a฀i฀t฀o฀h฀ ฀T฀,฀ ฀O฀h฀m฀a฀e฀ ฀E฀ ฀&฀ ฀B฀a฀r฀s฀t฀o฀w฀ ฀T฀J฀ ฀(฀2฀0฀0฀7฀)฀.฀ ฀5฀5฀5฀ 
฀S฀p฀a฀t฀i฀a฀l฀ ฀h฀e฀t฀e฀r฀o฀g฀e฀n฀e฀i฀t฀y฀ ฀o฀f฀ ฀q฀u฀a฀d฀r฀i฀cp s  m u s c l e  d e฀o฀x฀y฀g฀e฀n฀a฀t฀i฀o฀n฀ ฀k฀i฀n฀e฀t฀ic s d r i฀n g  c฀y฀c฀l฀e฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀.฀ J ฀5฀5฀6฀ 
Appl Physiol (Bethesda, Md 1985)฀ ฀ ฀2฀0฀4฀λ฀–฀2฀0฀5฀6฀.฀ ฀5฀5฀7฀ 
฀K฀r฀u฀s฀t฀r฀u฀p฀ ฀P฀,฀ ฀J฀o฀n฀e฀s฀ ฀A฀M฀,฀ ฀W฀i฀l฀k฀e฀r฀s฀o฀n฀ ฀D฀P฀,฀ ฀C฀a฀l฀b฀e฀t฀ ฀J฀A฀L฀ ฀&฀ ฀B฀a฀n฀g฀s฀b฀o฀ ฀J฀ ฀(฀2฀0฀0฀λ฀)฀.฀ ฀M u s c u l฀a฀r฀ ฀a฀n฀d฀ ฀5฀5฀8฀ 
฀p฀u฀l฀m฀o฀n฀a฀r฀y฀ ฀O2฀ u p฀t a k฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀d฀u฀r฀i฀n฀g฀ ฀m฀o฀d฀e฀r฀a฀t฀e-  a n d฀ ฀h฀i g h฀-฀i n฀t e n s฀i฀t฀y฀ ฀s฀u฀b฀-฀m฀a฀x฀i฀m฀al  k n e e -฀5฀5฀λ฀ ฀e฀x฀t฀e฀n฀s฀o฀r฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀i฀n฀ ฀h฀u฀m฀a฀n฀s฀.฀ J Physiol    ฀1฀8 4 3 –฀1฀8฀5 6 .  ฀5฀6฀0฀ 
฀L฀a฀m฀a฀r฀r฀a฀ ฀N฀,฀ ฀W฀h฀i฀p฀p฀ ฀B฀J฀,฀ ฀W฀a฀r฀d฀ ฀S฀A฀ ฀&฀ ฀W฀a฀s฀s฀e฀r฀m฀a฀n฀ ฀K฀ ฀(฀1฀λ฀8฀7฀)฀.฀ ฀E฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀i฀n฀t฀e฀r฀b฀r฀e a฀t h  ฀f฀l฀u฀c฀t฀u฀a t i฀o n s  o n  ฀5฀6฀1฀ 
฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀z฀i฀n฀g฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀g฀a฀s฀ ฀e฀x฀c฀h฀a฀n฀g฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀.฀ J Appl Physiol    2 0 0 3฀–฀2฀0฀1฀2฀.฀ ฀5฀6฀2฀ 
฀M฀a฀c฀P฀h฀e฀e฀ ฀S฀L฀,฀ ฀S฀h฀o฀e฀m฀a฀k฀e฀r฀ ฀J฀K฀,฀ ฀P฀a฀t฀e฀r฀s฀o฀n฀ ฀D฀H฀ ฀&฀ ฀K฀o฀w฀a฀l฀c฀h฀u฀k฀ ฀J฀M฀ ฀(฀2฀0฀0฀5฀)฀.฀ ฀K฀i฀n e฀t฀i c s  o f  O฀2  u p t a k e ,  ฀l฀e฀g฀ ฀5฀6฀3฀ ฀b฀l฀o฀o฀d฀ ฀f฀l฀o฀w฀,฀ ฀a฀n฀d฀ ฀m฀u฀s฀c฀l฀e฀ ฀d฀e฀o฀x฀y฀g฀e฀n฀a฀t฀i฀o฀n฀ ฀a฀r฀e฀ ฀s฀l฀o฀w฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀u฀p฀p฀e฀r฀ ฀c฀om฀p฀a฀r e d  w i t฀h  l฀o฀w e r  r e g฀i o n  ฀5฀6฀4฀ 
฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ e x e฀r฀c฀i฀s฀e฀ ฀d฀o฀m฀a฀i฀n฀.฀ J Appl Physiol  ฀ ฀1฀8 2 2฀–฀1฀8฀3฀4฀.฀ ฀5฀6฀5฀ 
฀M฀c฀D฀o฀n฀o฀u฀g฀h฀ ฀P฀,฀ ฀B฀e฀h฀n฀k฀e฀ ฀B฀J฀,฀ ฀P฀a฀d฀i฀l฀l฀a฀ ฀D฀J฀,฀ ฀M฀u฀s฀c฀h฀ ฀T฀I฀ ฀&฀ ฀P฀o฀o฀l฀e฀ ฀D฀C฀ ฀(฀2฀0฀0฀5฀)฀.฀ ฀C฀o฀n฀t฀r฀o฀l฀ ฀o฀f฀ ฀m฀i฀c฀r฀o฀v฀a฀s฀c฀u฀l฀a฀r฀ ฀5฀6฀6฀ 
฀o฀x฀y฀g฀e฀n฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀s฀ ฀i฀n฀ ฀r฀a฀t฀ ฀m฀u฀s฀c฀l฀e฀s฀ ฀co m฀p฀r฀i฀s฀e฀d฀ ฀o฀f฀ ฀d฀i฀f f e r e n฀t฀ ฀f฀i฀b฀r฀e฀ ฀t฀yp฀e s฀.  J Physiol฀ ฀ λ฀0฀3฀–฀λ฀1 3 .  ฀5฀6฀7฀ 
฀M฀u฀r฀i฀a฀s฀ ฀J฀M฀,฀ ฀S฀p฀e฀n฀c฀e฀r฀ ฀M฀D฀ ฀&฀ ฀P฀a฀t฀e฀r฀so n  D H฀ ฀(฀2฀0 1 4 )฀.฀ ฀T฀h e  ฀c฀r฀i฀t฀i฀c฀a฀l฀ ฀r฀o฀l฀e฀ ฀o฀f฀ O฀2  p r o฀v i s i o n฀ ฀i n  t h฀e฀ ฀d฀y฀n฀a฀m฀i฀c฀ ฀5฀6฀8฀ ฀a฀d฀j฀u฀s฀t฀m฀e฀n฀t฀ ฀o฀f฀ ฀o฀x฀i฀d฀a฀t฀i฀v฀e฀ ฀p฀h฀o฀s฀p฀h฀o฀r฀y฀l฀a฀t฀i฀o฀n฀.฀ Exerc Sport Sci Rev    4 – 1 1 .  ฀5฀6฀λ฀ 
฀Ö฀z฀y฀e฀n฀e฀r฀ ฀F฀,฀ ฀R฀o฀s฀s฀i฀t฀e฀r฀ ฀H฀B฀,฀ ฀W฀a฀r฀d฀ ฀S฀A฀ ฀&฀ ฀W฀h฀i฀p฀p฀ ฀B฀J฀ ฀(฀2฀0฀0฀1฀)฀.฀ ฀I฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀e฀x฀e฀r฀c฀i฀s e i฀n฀t฀e฀n฀s฀i t y  o n  t h e  ฀o฀n -  ฀5฀7฀0฀ 
฀a฀n฀d฀ ฀o฀f฀f฀-฀t฀r฀a฀n฀s฀i฀e฀n฀t฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀o฀f฀ ฀p฀u฀l฀m o n a r y  o x y฀g฀e฀n฀ ฀u฀p฀t฀a฀k฀e฀ ฀i฀n฀ ฀h฀u฀m฀a฀n฀s฀.฀ J Physiol    ฀8฀λ฀1฀–฀λ฀0฀2 .฀ ฀5฀7฀1฀ 
฀R฀o฀b฀e฀r฀g฀s฀ ฀R฀A฀ ฀(฀2฀0฀1฀4฀)฀.฀ ฀A฀ ฀c฀r฀i฀t฀i฀c฀a฀l฀ ฀r฀e฀v฀i฀e฀w฀ ฀o฀f฀ ฀t฀h฀e฀ ฀h฀i฀s฀t฀o฀r฀y฀ ฀o฀f฀ ฀l฀o฀w฀-฀ ฀t฀o฀ m o d e฀r a฀t e฀-฀i฀n฀t฀e n s฀i฀t฀y฀ ฀s฀t฀e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀ ฀5฀7฀2฀ 
฀V฀O2฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀.฀ Sport Med  ฀ 6฀4฀1฀–฀6฀5฀3฀.฀ ฀5฀7฀3฀ 
฀R฀o฀s฀s฀i฀t฀e฀r฀ ฀H฀B฀ ฀(฀2฀0฀1฀1฀)฀.฀ ฀E฀x฀e฀r฀c฀i฀s฀e฀μ฀ ฀K฀i฀n฀e฀ti c  ฀C o n s i d e r a t i o n s  f฀o r  ฀G฀a฀s฀ ฀E฀x฀c฀h฀a฀n g .Compr Physiol  ฀ ฀2฀0 3฀–฀5฀7฀4฀ 
฀2฀4฀4฀.฀ ฀5฀7฀5฀ 
฀S฀c฀h฀e฀u฀e฀r฀m฀a฀n฀n฀ ฀B฀W฀ ฀&฀ ฀B฀a฀r฀s฀t฀o฀w฀ ฀T฀J฀ ฀(฀2฀0฀0฀3฀)฀.฀ ฀O฀2฀ ฀u฀p฀t฀a k฀e฀ ฀k฀i฀n e t i c s  d u r฀i฀n g  ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀a฀t฀ ฀p฀e฀a฀k฀ ฀O฀2฀ ฀u฀p฀t฀a฀k e฀.฀ J ฀5฀7฀6฀ 
Appl Physiol฀ ฀ ฀2฀0฀1฀4฀–฀2฀0฀2฀2฀.฀ ฀5฀7฀7฀ 
฀S฀h฀e฀e฀t฀z฀ ฀M฀P฀,฀ ฀C฀h฀a฀s฀a฀n฀ ฀R฀ ฀&฀ ฀S฀p฀u฀d฀i฀c฀h฀ ฀J฀ ฀a฀.฀ ฀(฀1฀λ฀8฀4฀)฀.฀ ฀A฀T฀P฀-฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀m฀o฀v฀e฀m฀en t฀ ฀o฀f฀ ฀m y o s i n฀ ฀i n  v i t r o฀μ฀ ฀5฀7฀8฀ 
฀C฀h฀a฀r฀a฀c฀t฀e฀r฀i฀z฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀a฀ ฀q฀u฀a฀n฀t฀i฀t฀a฀t฀i฀v฀e฀ ฀a฀s฀s฀a฀y฀.฀ J Cell Biol฀ ฀ ฀1฀8 6 7 – 1 8 7฀1฀.฀ ฀5฀7฀λ฀ 
฀2฀7฀ 
฀ 
฀ 
฀S฀p฀e฀n฀c฀e฀r฀ ฀M฀D฀,฀ ฀M฀u฀r฀i฀a฀s฀ ฀J฀M฀,฀ ฀K฀o฀w฀a฀l฀c฀h u฀k฀ ฀J฀M  &฀ P a t e r฀s฀o฀n฀ ฀D฀H฀ ฀(฀2฀0฀1฀1฀)฀.฀ ฀P฀u฀l฀m฀o฀n฀a฀r y  O฀2  u p t฀a฀k฀e  ฀a฀n฀d฀ ฀5฀8฀0฀ ฀m฀u฀s฀c฀l฀e฀ ฀d฀e฀o฀x฀y฀g฀e฀n฀a฀t฀i฀o฀n฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀a฀r฀e฀ ฀s฀l฀o฀w฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀u฀p฀p฀e฀r฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀w i฀t฀h  l฀o฀w e r  r e g฀i o n  ฀o f  t h e  ฀5฀8฀1฀ 
฀m฀o฀d฀e฀r฀a฀t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀d฀o฀m฀a฀i฀n฀ ฀i฀n฀ ฀o฀l฀d฀e฀r฀ ฀m฀e฀n฀.฀ Eur J Appl Physiol฀   2 1 3 λ – 2 1 4 8฀.฀ ฀5฀8฀2฀ 
฀S฀p฀e฀n฀c฀e฀r฀ ฀M฀D฀,฀ ฀M฀u฀r฀i฀a฀s฀ ฀J฀M฀,฀ ฀K฀o฀w฀a฀l฀c฀h u฀k฀ ฀J฀M  &฀ P a t e r฀s฀o฀n฀ ฀D฀H฀ ฀(฀2฀0฀1฀3฀)฀.฀ ฀E฀f฀f฀e฀ct  o f  m o d฀e r a t฀e฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀5฀8฀3฀ 
฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀ ฀o฀n฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀t฀a฀u฀V฀O฀2฀,฀ ฀f u c t i o n a l  ฀g a i n  a n฀d฀ D e฀l฀t฀a฀[฀H฀H฀b฀]฀.฀ Eur J Appl ฀5฀8฀4฀ 
Physiol฀ ฀ ฀5฀4฀5฀–฀5฀5฀7฀.฀ ฀5฀8฀5฀ 
฀S฀p฀e฀n฀c฀e฀r฀ ฀M฀D฀,฀ ฀M฀u฀r฀i฀a฀s฀ ฀J฀M฀ ฀&฀ ฀P฀a฀t฀e฀r฀so n฀ ฀D H  ( 2 0฀1 2 )฀.฀ ฀C฀h a r a฀c฀t฀e฀r฀i฀z฀i฀n฀g฀ ฀t฀h฀e฀ p r o f i฀l฀e฀ ฀o฀f฀ ฀m u s c฀l e฀5฀8฀6฀ 
฀d฀e฀o฀x฀y฀g฀e฀n฀a฀t฀i฀o฀n฀ ฀d฀u฀r฀i฀n฀g฀ ฀r฀a฀m฀p฀ ฀i฀n฀c฀r฀e฀m฀en t a l฀ ฀e฀x฀e฀r฀c i฀s฀e฀ i n฀ y o฀u฀n g฀ ฀m฀e฀n฀.฀ Eur J Appl Phys ol฀ ฀ ฀5฀8฀7฀ 
฀3฀3฀4฀λ฀–฀3฀3฀6฀0฀.฀ ฀5฀8฀8฀ 
฀S฀w฀a฀n฀s฀o฀n฀ ฀G฀D฀ ฀(฀1฀λ฀8฀0฀)฀.฀ ฀B฀r฀e฀a฀t฀h฀-฀t฀o฀-฀b฀r฀ea t h  ฀c฀o฀n s i฀d r a t฀i฀o n s  ฀f฀o฀r฀ ฀g฀a฀s฀ ฀e฀x฀c฀h฀a฀n฀g฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀.฀ ฀I฀n฀ Exercise ฀5฀8฀λ฀ 
Bioenergetics and Gas Exchange฀,฀ ฀e฀d฀.฀ ฀C฀e฀r฀r฀e฀t฀e฀l฀l฀i฀ ฀P฀ ฀&฀ W h฀i฀p฀p฀ ฀B J ,  ฀p p฀.฀ ฀2฀1฀1฀–฀2฀2฀2฀.฀ ฀E฀l฀s฀e฀v฀i฀e฀r฀,฀ ฀5฀λ฀0฀ 
฀A฀m฀s฀t฀e฀r฀d฀a฀m฀.฀ ฀5฀λ฀1฀ 
฀W฀h฀i฀p฀p฀ ฀B฀J฀ ฀&฀ ฀M฀a฀h฀l฀e฀r฀ ฀M฀ ฀(฀1฀λ฀8฀0฀)฀.฀ ฀D฀y฀n฀a฀m฀i฀c฀s฀ ฀o฀f฀ ฀p฀u฀l฀m฀o฀n฀a฀r฀y฀ ฀g฀a฀s฀ ฀e฀x฀c฀h฀a฀n฀g฀e฀ ฀d฀u฀r฀i฀n g฀ ฀e฀x฀e฀r c฀i e฀.  I n  ฀5฀λ฀2฀ 
Pulmonary Gas Exchange, Vol II, Organism and Environment฀,฀ ฀e฀d฀.฀ ฀W฀e฀s฀t฀ ฀J฀B฀,฀ ฀p฀p฀.฀ ฀3฀3฀–฀λ฀6฀.฀ ฀5฀λ฀3฀ 
฀A฀c฀a฀d฀e฀m฀i฀c฀ ฀P฀r฀e฀s฀s฀,฀ ฀N฀e฀w฀ ฀Y฀o฀r฀k฀.฀ ฀5฀λ฀4฀ 
฀W฀h฀i฀p฀p฀ ฀B฀J฀,฀ ฀W฀a฀r฀d฀ ฀S฀A฀,฀ ฀L฀a฀m฀a฀r฀r฀a฀ ฀N฀,฀ ฀D฀a฀v฀i฀s฀ ฀J฀A฀ ฀&฀ ฀W฀a฀s฀s฀e฀r฀m฀a฀n฀ ฀K฀ ฀(฀1฀λ฀8฀2฀)฀.฀ ฀P฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀o฀f฀ ฀v฀e฀n฀t฀i฀l฀a฀t฀o฀r฀y฀ ฀5฀λ฀5฀ 
฀a฀n฀d฀ ฀g฀a฀s฀ ฀e฀x฀c฀h฀a฀n฀g฀e฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀d฀u฀r฀i฀n฀g฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀.฀ J Appl Physiol฀   ฀1฀5฀0฀6 – 1 5 1 3 .฀5฀λ฀6฀ 
฀W฀i฀l฀l฀i฀a฀m฀s฀ ฀A฀M฀,฀ ฀P฀a฀t฀e฀r฀s฀o฀n฀ ฀D฀H฀ ฀&฀ ฀K฀o฀w฀a฀l฀c฀h฀u฀k฀ ฀J฀M฀ ฀(฀2฀0฀1฀3฀)฀.฀ ฀H฀i฀g฀h฀-฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀i฀n฀t฀e r฀v a l฀ ฀t฀r฀a฀i฀n฀i n฀g฀ s p e e d s  t h e  ฀5฀λ฀7฀ 
฀a฀d฀j฀u฀s฀t฀m฀e฀n฀t฀ ฀o฀f฀ ฀p฀u฀l฀m฀o฀n฀a฀r฀y฀ ฀O2  u฀p฀t฀a฀k฀e฀,฀ b u t  n o t฀ ฀m฀u฀s฀c฀l฀e฀ ฀d฀e฀o฀x฀y฀g฀e฀n฀a฀t฀i฀o฀n฀,฀ ฀d฀u฀r฀i฀n฀g฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀-฀5฀λ฀8฀ ฀i฀n฀t฀e฀n฀s฀i฀t฀y฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀i฀n฀i฀t฀i฀a฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀l฀o฀w฀ ฀a฀n฀d฀ ฀e฀l฀e฀v฀a฀t฀e฀d฀ b฀a s e฀l฀i฀n฀e฀ m฀e฀t฀a b o l i c  r a t฀e฀s฀.฀ J ฀5฀λ฀λ฀ 
Appl Physiol฀ ฀ ฀1฀5฀5฀0฀–฀1฀5฀6฀2฀.฀ ฀6฀0฀0฀ 
฀W฀ü฀s฀t฀ ฀R฀C฀,฀ ฀M฀c฀D฀o฀n฀a฀l฀d฀ ฀J฀R฀,฀ ฀S฀u฀n฀ ฀Y฀,฀ ฀F฀e฀r฀g฀u฀s o฀n฀ B฀S฀,฀ ฀R฀o฀g฀a฀t฀z฀k฀i฀ ฀M฀J฀,฀ ฀S฀p฀i฀r฀e฀s฀ ฀J฀,  K o฀w a l c h฀u฀k J M ,  G฀l a฀d฀d฀e฀n฀ ฀6฀0฀1฀ 
฀L฀B฀ ฀&฀ ฀R฀o฀s฀s฀i฀t฀e฀r฀ ฀H฀B฀ ฀(฀2฀0฀1฀4฀)฀.฀ ฀S฀l฀o฀w฀ed  m฀u s c l e  ฀o฀x฀y g e n  u p t฀a฀k฀e฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀wi t h฀ r a i฀s e d  ฀m e t a b o฀l฀i s m฀ ฀6฀0฀2฀ 
฀a฀r฀e฀ ฀n฀o฀t฀ ฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀o฀n฀ ฀b฀l฀o฀o฀d฀ ฀f฀l฀o฀w฀ ฀o฀r฀ r e c฀r u i t m฀e฀n฀t  d฀y฀n฀a฀m฀i฀c฀s฀.฀ J Physiol    1฀8฀5฀7฀–฀1฀8 7฀1฀.฀ ฀6฀0฀3฀ 
฀W฀ü฀s฀t฀ ฀R฀C฀I฀,฀ ฀G฀r฀a฀s฀s฀i฀ ฀B฀,฀ ฀H฀o฀g฀a฀n฀ ฀M฀C฀,฀ ฀H฀o฀w฀l฀e฀t t฀ ฀R  ฀a฀,฀ G฀l a฀d d฀e n  ฀L฀B฀ ฀&฀ ฀R฀o฀s฀s฀i฀t฀e฀r฀ ฀H฀B฀ ฀(฀2฀0฀1฀1฀)฀.฀ ฀K฀i฀n฀e฀t฀i฀c฀ ฀6฀0฀4฀ 
฀c฀o฀n฀t฀r฀o฀l฀ ฀o฀f฀ ฀o฀x฀y฀g฀e฀n฀ ฀c฀o฀n฀s฀u฀m฀p฀t฀i฀o฀n฀ ฀d฀u฀r฀i฀n฀g฀ c o n฀t r a c t i฀o฀n฀s฀ ฀i฀n฀ ฀s฀e฀l f฀-฀p฀e฀r฀f฀u฀s฀e฀d  s k฀e l e t a l  ฀m u s c l e฀.฀ J ฀6฀0฀5฀ 
Physiol฀ ฀ ฀3฀λ฀λ฀5฀–฀4฀0฀0฀λ฀.฀ ฀6฀0฀6฀ 
 ฀6฀0฀7฀ 
฀2฀8฀ 
฀ 
฀ 
7DEOH/HJHQGV฀6฀0฀8฀ 
7DEOH  ฀M฀e฀a฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀a฀n฀d฀ ฀f฀i฀t฀ ฀s฀t฀a฀t฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%cO฀2 p d a฀t  f o r  e฀a c h฀ ฀4฀0 W฀ ฀6฀0฀λ฀ 
฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀f฀r฀o฀m฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ ฀i฀n฀c฀r฀e฀a฀s i n g฀ b a s e l i n  w฀o฀r฀k฀ ฀r฀a฀t฀e฀s฀ ฀(฀m฀e฀a฀n฀ ฀±฀ ฀S฀D )  ฀6฀1฀0  
฀a฀-฀f฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀nc e s  b e t w฀e฀e฀n฀ ฀c฀o฀n d i t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ “฀a ”  ฀i฀n฀d฀i฀c a฀t฀e฀s฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m฀ ฀“฀6฀1฀1  
ĺ฀”฀,฀ ฀“฀b฀”฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m฀ ฀“ĺ ” ,  a n d  s o  f o r t฀h฀.฀ ฀ ฀*฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s  s i฀g n i f i c a n฀t  d i f f ฀r฀e฀n฀c฀e฀s฀ ฀6฀1฀2฀ 
฀a฀m฀o฀n฀g฀s฀t฀ ฀a฀l฀l฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀6฀1฀3฀ 
฀6฀1฀4฀ 
7DEOH  ฀M฀e฀a฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀a฀n฀d฀ ฀f฀i฀t฀ ฀s฀t฀a฀t฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%c฀O฀2 p d a t  f o r  e a c h฀ ฀∆฀W R฀ ฀6฀1฀5฀ 
฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀f฀r฀o฀m฀ ฀a฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀as e l i n฀e  ฀o f฀ ฀2฀0฀W  ( m฀e฀a฀n฀ ฀±฀ ฀S฀D฀)฀ ฀6฀1฀6  
฀a฀-฀d฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀nc e s  ฀b e t w฀e฀e฀n฀ ฀c฀o฀n฀d i฀t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ “฀a ”  ฀i n฀d฀i฀c a฀t฀e฀s฀ ฀d฀i฀f฀f e฀r฀e n฀c฀e฀ ฀f฀r฀o฀m฀ ฀“฀6฀1฀7
ĺ฀”฀,฀ ฀“฀b฀”฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m฀ ฀“ĺ ” ,  a n d  s o o r t฀h฀.฀ ฀*฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀6฀1฀8฀ 
฀a฀m฀o฀n฀g฀s฀t฀ ฀a฀l฀l฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀6฀1฀λ฀ 
฀ ฀6฀2฀0฀ 
7DEOH฀M฀e฀a฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀a฀n฀d฀ ฀c฀o฀n฀f฀i฀d฀e฀n฀c e฀ ฀i฀n฀t฀e฀r฀v฀a฀l฀ ฀o฀f฀ ฀m฀o฀n฀o฀-฀e฀x฀p฀o฀n฀en t i a l  f i฀t฀ ฀o฀f฀ ฀[ H฀H฀b฀]฀ ฀6฀2฀1฀ 
฀d฀a฀t฀a฀ ฀f฀o฀r฀ ฀e฀a฀c฀h฀ ฀4฀0฀W฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀f฀r฀o฀m฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀b฀a฀s฀e฀l฀i n฀e฀ ฀w฀o r k  ฀r฀a฀t฀e฀s฀ ฀( m฀e฀a฀n฀ ฀±฀ ฀S฀D )  ฀6฀2฀2฀ 
฀a฀-฀f฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀nc e s  b e t w฀e฀e฀n฀ ฀c฀o฀n d i t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ “฀a ”  ฀i฀n฀d฀i฀c a฀t฀e฀s฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m฀ ฀“฀6฀2฀3  
ĺ฀”฀,฀ ฀“฀b฀”฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m฀ ฀“ĺ ” ,  a n d  s o o r t฀h฀.฀ ฀*฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀6฀2฀4฀ 
฀a฀m฀o฀n฀g฀s฀t฀ ฀a฀l฀l฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀6฀2฀5฀ 
฀6฀2฀6฀ 
7DEOH฀M฀e฀a฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀a฀n฀d฀ ฀c฀o฀n฀f฀i฀d฀e฀n฀c e฀ ฀i฀n฀t฀e฀r฀v฀a฀l฀ ฀o฀f฀ ฀m฀o฀n฀o฀-฀e฀x฀p฀o฀n฀en t i a l  f i฀t฀ ฀o฀f฀ ฀[ H฀H฀b฀]฀ ฀6฀2฀7฀ 
฀d฀a฀t฀a฀ ฀f฀o฀r฀ ฀e฀a฀c฀h฀ ฀∆฀W฀R฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀f฀r฀o฀m฀ ฀a฀ c฀o฀n s t a t฀ ฀b a s e l i n e฀ ฀o฀f฀ ฀2฀0฀W฀ ฀(฀m฀e a n  ±  S D฀)฀ ฀6฀2฀8฀ 
฀2฀λ฀ 
฀ 
฀ 
฀a฀-฀d฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀nc e s  ฀b e t w฀e฀e฀n฀ ฀c฀o฀n฀d i฀t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ “฀a ”  ฀i n฀d฀i฀c a฀t฀e฀s฀ ฀d฀i฀f฀f e฀r฀e n฀c฀e฀ ฀f฀r฀o฀m฀ ฀“฀6฀2฀λ
ĺ฀”฀,฀ ฀“฀b฀”฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m฀ ฀“ĺ ” ,  a n d  s o o r t฀h฀.฀ ฀*฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀6฀3฀0฀ 
฀a฀m฀o฀n฀g฀s฀t฀ ฀a฀l฀l฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀6฀3฀1฀ 
 ฀6฀3฀2฀ 
฀3฀0฀ 
฀ 
฀ 
)LJXUH&DSWLRQV฀6฀3฀3฀ 
)LJXUH฀S฀c฀h฀e฀m฀a฀t฀i฀c฀ ฀o฀f฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀ ฀p฀r฀o฀t฀o฀c฀o฀l฀s฀ ฀a฀n฀d฀ ฀p฀r o c e฀d฀u฀r฀e฀s฀.฀ ฀S฀e฀e฀ ฀t฀e฀x฀t฀ ฀f฀or  d e฀t฀a i l s .  ฀6฀3฀4฀ 
฀ ฀6฀3฀5฀ 
)LJXUH฀E฀n฀s฀e฀m฀b฀l฀e฀-฀a฀v฀e฀r฀a฀g฀e฀d฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀o฀f฀ ฀V%c฀O฀2฀p ฀i฀n฀ ฀t฀h฀e฀ ฀v a r i a b l e  ba s e l i e  c o n d i t i฀o฀n μ฀ ฀6฀3฀6฀ 
฀s฀i฀x฀ ฀4฀0฀ ฀W฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀s฀.฀ ฀V฀e฀r฀t฀i฀c฀a฀l฀ ฀d a฀s h฀e฀d฀ ฀l฀i฀n฀e฀s฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ t h e o n s฀e฀t  ฀6฀3฀7฀ 
฀o฀f฀ ฀t฀h฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀(฀t฀i฀m฀e฀ ฀=฀ ฀0฀ ฀s฀)฀.฀ ฀T฀h฀e฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀k฀i฀n฀e฀t฀i฀c r e฀s p o n s e฀s฀ f o r  e a c h  c฀o฀n฀d฀i฀t฀i฀o฀n฀ ฀a฀r฀e฀ ฀6฀3฀8฀ 
฀s฀u฀p฀e฀r฀i฀m฀p฀o฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀d฀a฀t฀a฀ ฀(dark lines ,  f฀i฀t฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀a฀ ฀m฀o฀n฀o฀-฀e฀x฀p฀o฀n฀e฀n฀t฀i฀a฀l฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀u฀s฀i฀n฀g฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀6฀3฀λ฀ 
฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀)฀.฀ Ĳ฀V%c฀O2฀p ฀v฀a l u฀e฀s฀ ฀(฀±  S฀D฀)฀ ฀a฀r฀e฀ ฀i฀n฀s฀e฀t฀ ฀u฀n฀d฀e฀r฀ ฀e฀a฀c฀h฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀e฀r฀r฀o฀r฀ ฀b฀a฀r฀s฀ ฀at  ฀6฀4฀0฀ 
฀s฀p฀e฀c฀i฀f฀i฀c฀ ฀t฀i฀m฀e฀ ฀p฀o฀i฀n฀t฀s฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀S฀D฀.฀ ฀6฀4฀1฀ 
฀ ฀6฀4฀2฀ 
)LJXUH฀A฀)฀ ฀B฀a฀s฀e฀l฀i฀n฀e฀ ฀V%c฀O฀2 p฀ ฀(฀V%cO฀2฀p B฀S฀L฀)  a s฀ ฀a฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀.฀ ฀B฀)฀ ฀ ฀V%c฀O฀2฀p a฀m฀p l฀i฀t฀u฀d e  ( A฀)  ฀a฀s  ฀6฀4฀3฀ 
฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀V%c฀O฀2฀p฀B฀S฀L.  ฀C )  %c฀O฀2฀p฀ t฀ i฀ m฀ e฀  ฀ c฀ o฀ n฀ s฀ t฀ a฀ n฀ t฀  ฀ (Ĳ฀ V%c฀O2฀p)฀ a s  f฀u฀n฀c฀t i฀o฀n฀ ฀o฀f฀ ฀V%cO2฀p B฀S฀L฀.  ฀D )฀ ฀G a i n฀ ฀(฀G฀P )฀ ฀a฀s฀ ฀6฀4฀4฀ 
฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀V%cO฀2฀p B฀S฀L.  S y m฀b฀o฀l฀s฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀±฀ ฀S฀D฀.฀ ฀a฀-฀f฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ s i g฀n i฀f฀i฀c฀a฀n฀t  d i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀6฀4฀5฀ 
฀b฀e฀t฀w฀e฀e฀n฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀“฀a฀”฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀d฀i฀f f e r e฀n฀c฀e฀ ฀f฀r฀o฀m฀ ฀“ĺ ”฀,฀ ฀“฀b ”  i n d i฀c฀a t฀e s฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀6฀4฀6฀ 
฀f฀r฀o฀m฀ ฀“ ĺ ฀”฀,฀ ฀a฀n฀d฀ ฀s฀o฀ ฀f฀o฀r฀t฀h฀.฀ ฀*฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀a฀m฀o฀n฀g฀s฀t฀ ฀a฀ll  t r a n s i t i฀o฀n s  ฀6฀4฀7฀ 
฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀6฀4฀8฀ 
฀ ฀6฀4฀λ฀ 
)LJXUH฀E฀n฀s฀e฀m฀b฀l฀e฀-฀a฀v฀e฀r฀a฀g฀e฀d฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀o฀f฀ ฀V%c฀O฀2฀p ฀i฀n฀ ฀t฀h฀e฀ ฀c o n s t a n t  b a s e l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀μ฀ ฀6฀5฀0฀ 
฀f฀o฀u฀r฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀s฀ ฀i฀n฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀ ฀(฀∆฀W฀R฀)฀ ฀e฀a฀c฀h฀ ฀f฀r฀o฀m฀ ฀a฀ ฀2฀0฀ ฀W฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀w฀o฀r฀k฀ ฀r฀a t e .฀ ฀V e r t i c a l฀ ฀6฀5฀1฀ 
฀d฀a฀s฀h฀e฀d฀ ฀l฀i฀n฀e฀s฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀t฀h฀e฀ ฀o฀n฀s฀e฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀(฀t฀i฀m฀e฀ ฀=฀ ฀0฀ ฀s฀)฀. T฀h฀e฀ ฀g฀r฀o฀u฀p฀ ฀m e a n  p h฀a฀s฀e฀ ฀I฀I฀ ฀k฀i฀n฀e฀t฀i฀c฀ ฀6฀5฀2฀ 
฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀f฀o฀r฀ ฀e฀a฀c฀h฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀ ฀a฀r฀e฀ ฀s฀u฀p฀e฀r฀i฀m฀p฀o฀s฀e฀d฀ ฀o฀v฀e฀r฀ ฀t฀h฀e฀ ฀d฀a฀t฀a฀ ฀(dark lines ,  f i฀t฀t฀e฀d฀ ฀w i฀t฀h฀ ฀a฀ ฀m฀o฀n฀o฀-฀6฀5฀3฀ 
฀e฀x฀p฀o฀n฀e฀n฀t฀i฀a฀l฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀u฀s฀i฀n฀g฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀)฀.฀ Ĳ฀V%c฀O฀2 p v a฀ l฀ u฀ e฀ s฀  (฀ ±  S฀ D฀ )฀  r  ฀ i฀ n฀ s฀ e t  ฀6฀5฀4฀ 
฀u฀n฀d฀e฀r฀ ฀e฀a฀c฀h฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀e฀r฀r฀o฀r฀ ฀b฀a฀r฀s฀ ฀a฀t฀ ฀s฀p฀e฀c฀i฀f฀i฀c฀ ฀t฀i฀m฀e฀ ฀p฀o฀i฀n฀t฀s฀ ฀i฀n฀d i฀c฀a฀t฀e฀ ฀S฀D .   ฀ ฀6฀5฀5฀ 
฀3฀1฀ 
฀ 
฀ 
฀ ฀6฀5฀6฀ 
)LJXUH  ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀A฀)฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀V%c฀O฀2 p ( V%cO฀2฀p฀B฀S฀L) ; B )  V%c฀O฀2 p a m฀ p l i฀ t u฀ d฀ e฀  ฀ (฀ A฀ )฀ ;฀  ฀ C฀ )฀  ฀ V%c฀O2฀p฀ t฀i฀m฀e฀ ฀6฀5฀7฀ 
฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀(Ĳ฀V%c฀O2฀p)฀;฀ ฀a฀n฀d฀ ฀D฀)฀ ฀g฀a฀i฀n฀ ฀(฀G฀P฀)฀ ฀a฀s฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀a฀s฀ ฀a฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀ ฀(฀∆฀W฀R฀)฀.฀ ฀6฀5฀8฀ 
฀S฀y฀m฀b฀o฀l฀s฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀±฀ ฀S฀D฀.฀ ฀a฀-฀d i n d i c a t฀e฀ ฀s฀i฀g฀n฀i f i c a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀6฀5฀λ฀ 
฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀“฀a฀”  ฀i฀n฀d i c฀a฀t฀e฀s฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m฀ ฀“ĺ ” ,  “฀b฀”฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀d i f฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m฀ ฀“ĺ ” ,  a n d  ฀6฀6฀0฀ 
฀s฀o฀ ฀f฀o฀r฀t฀h฀.฀*฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀a฀m o n฀g฀s฀t  ฀a฀l฀l฀ ฀t฀r฀a฀n฀s฀it i o n s  ( p < 0 . 0 5฀)฀.฀ ฀6฀6฀1฀ 
฀ ฀6฀6฀2฀ 
)LJXUH฀E฀n฀s฀e฀m฀b฀l฀e฀-฀a฀v฀e฀r฀a฀g฀e฀d฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀o฀f฀ ฀[ H฀H฀b฀]฀ ฀i n฀ t h฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀μ฀ ฀6฀6฀3฀ 
฀s฀i฀x฀ ฀4฀0฀ ฀W฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀s฀.฀ ฀V฀e฀r฀t฀i฀c฀a฀l฀ ฀d a฀s h฀e฀d฀ ฀l฀i฀n฀e฀s฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ t h e o n s฀e฀t  ฀6฀6฀4฀ 
฀o฀f฀ ฀t฀h฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀(฀t฀i฀m฀e฀ ฀=฀ ฀0฀ ฀s฀)฀.฀ ฀T฀h฀e฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀k฀i฀n฀e฀t฀i฀c r e฀s p o n s e฀s฀ f o r  e a c h  c฀o฀n฀d฀i฀t฀i฀o฀n฀ ฀a฀r฀e฀ ฀6฀6฀5฀ 
฀s฀u฀p฀e฀r฀i฀m฀p฀o฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀d฀a฀t฀a฀ ฀(dark lines ,  f฀i฀t฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀a฀ ฀m฀o฀n฀o฀-฀e฀x฀p฀o฀n฀e฀n฀t฀i฀a฀l฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀u฀s฀i฀n฀g฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀6฀6฀6฀ 
฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀)฀.฀ Ĳ฀[฀H฀H฀b฀]฀ ฀v฀a฀l฀u฀e฀s฀ ฀(฀±฀ ฀S฀D฀)฀ ฀a฀r฀e฀ ฀i฀n฀s฀e฀t฀ ฀u฀n฀d฀e฀r฀ ฀e฀a฀c฀h฀ ฀t฀r a n s i t฀i฀o฀n฀ ฀a฀n d  e฀r฀r฀o฀r฀ ฀b฀a฀r฀s฀ ฀a฀t฀ ฀6฀6฀7฀ 
฀s฀p฀e฀c฀i฀f฀i฀c฀ ฀t฀i฀m฀e฀ ฀p฀o฀i฀n฀t฀s฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀S฀D฀.฀ ฀E฀r฀r฀o฀r฀ ฀b฀a฀r฀s฀ ฀a฀t฀ ฀s฀p฀e฀c฀i฀f฀i฀c฀ ฀t฀i฀m฀e฀ ฀p฀o฀i฀n฀t฀s฀ ฀a฀r฀e฀ ฀n o฀t฀ d i s p l a y e d฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀6฀6฀8฀ 
฀l฀a฀r฀g฀e฀ ฀S฀D฀ ฀i฀n฀ ฀[฀H฀H฀b฀]฀ ฀a฀m฀o฀n฀g฀s฀t฀ ฀s฀u฀b j฀e฀c฀t s  ( s฀e฀e฀ ฀T฀a฀b฀l฀e฀ ฀3฀)฀.฀ ฀ ฀ ฀6฀6฀λ  
฀ ฀6฀7฀0฀ 
)LJXUH฀E฀n฀s฀e฀m฀b฀l฀e฀-฀a฀v฀e฀r฀a฀g฀e฀d฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀o฀f฀ ฀[ H฀H฀b฀]฀ ฀i n฀ t h฀e฀ ฀c฀o฀n฀s฀t฀a฀n฀t ฀b a฀s e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i o฀n฀μ฀ ฀6฀7฀1฀ 
฀f฀o฀u฀r฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀s฀ ฀i฀n฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀ ฀(฀∆฀W฀R฀)฀ ฀e฀a฀c฀h฀ ฀f฀r฀o฀m฀ ฀a฀ ฀2฀0฀ ฀W฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ w฀o฀r฀k฀ ฀r฀a฀t฀e฀.฀ V e r t i฀c฀a฀l฀ ฀6฀7฀2฀ 
฀d฀a฀s฀h฀e฀d฀ ฀l฀i฀n฀e฀s฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀t฀h฀e฀ ฀o฀n฀s฀e฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀(฀t฀i฀m฀e฀ ฀=฀ ฀0฀ ฀s฀)฀. T฀h฀e฀ ฀g฀r฀o฀u฀p฀ ฀m e a n  p h฀a฀s฀e฀ ฀I฀I฀ ฀k฀i฀n฀e฀t฀i฀c฀ ฀6฀7฀3฀ 
฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀f฀o฀r฀ ฀e฀a฀c฀h฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀ ฀a฀r฀e฀ ฀s฀u฀p฀e฀r฀i฀m฀p฀o฀s฀e฀d฀ ฀o฀v฀e฀r฀ ฀t฀h฀e฀ ฀d฀a฀t฀a฀ ฀(dark lines ,  f i฀t฀t฀e฀d฀ ฀w i฀t฀h฀ ฀a฀ ฀m฀o฀n฀o฀-฀6฀7฀4฀ 
฀e฀x฀p฀o฀n฀e฀n฀t฀i฀a฀l฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀u฀s฀i฀n฀g฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀)฀.฀ Ĳ฀[฀H฀H฀b฀]฀ ฀v฀a฀l฀u฀e฀s฀ ฀(฀±฀ ฀S฀D)  ฀a฀r฀e฀ ฀i n฀s e t  ฀6฀7฀5฀ 
฀u฀n฀d฀e฀r฀ ฀e฀a฀c฀h฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀.฀ ฀E฀r฀r฀o฀r฀ ฀b฀a฀r฀s฀ ฀a฀t฀ ฀s฀p฀e฀c฀i฀f฀i฀c฀ ฀t฀i฀m฀e฀ ฀p฀o฀i฀n฀t฀s฀ ฀a฀r฀e฀ ฀no t  d i s p l a y e d  d u฀e฀ ฀t฀o฀ t h฀e฀ ฀l฀a฀r฀g฀e฀ ฀S฀D฀ ฀i฀n฀ ฀6฀7฀6฀ 
฀[฀H฀H฀b฀]฀ ฀a฀m฀o฀n฀g฀s฀t฀ ฀s฀u฀b฀j฀e฀c฀t฀s฀ ฀(฀s฀e฀e฀ ฀T฀a฀b฀l฀e฀ ฀4฀)฀.฀ ฀ ฀ ฀6฀7฀7฀ 
฀6฀7฀8฀ 
฀3฀2฀ 
฀ 
฀ 
฀6฀7฀λ฀ 
฀ ฀6฀8฀0฀ 
)LJXUH  ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀“฀t฀i฀m฀e฀ ฀t฀o฀ ฀r฀e฀a฀c฀h฀ ฀s฀t฀e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀”฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀V%c฀O2฀p ฀a฀n฀d฀ ฀N I฀R S - d e r i v e d  ฀6฀8฀1฀ 
฀d฀e฀o฀x฀y฀g฀e฀n฀a฀t฀e฀d฀ ฀h฀e฀m฀o฀g฀l฀o฀b฀i฀n฀ ฀(฀[฀H฀H฀b฀]฀)฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀o฀n฀s฀e฀t฀.฀ ฀“฀T฀i m฀e฀ ฀t฀o฀ ฀r฀e฀a฀c฀h฀ ฀s฀t฀e฀a฀d฀y฀-฀6฀8฀2฀ 
฀s฀t฀a฀t฀e฀”฀ ฀w฀a฀s฀ ฀c฀o฀m฀p฀u฀t฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀d฀i฀f฀f฀er e n฀c฀e฀ ฀b฀e฀t฀w e e n฀ t h e  s u฀m฀ ฀o฀f฀ ฀4฀ ฀t฀i฀m฀e฀ ฀c฀o฀n฀s t฀a n t s฀ ฀f฀o฀r฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%cO2฀p ฀( 4  ฀x  ฀6฀8฀3฀ 
Ĳ฀V%c฀O฀2฀p)฀ ฀a฀n฀d฀ ฀4฀ ฀t฀i฀m฀e฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀s฀ ฀p฀l฀u฀s฀ ฀t฀h฀e฀ ฀t฀i฀m฀e฀ ฀d฀e฀l฀a฀y฀ ฀f฀o฀r฀ ฀[฀H฀H฀b฀]฀ ฀(฀[฀H฀H฀b฀]฀-฀T฀D฀ ฀+฀ ฀(฀4฀ ฀x฀ Ĳ฀[฀H H฀b฀]฀) ) .  P n e l  A฀6฀8฀4฀ 
฀s฀h฀o฀w฀s฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀±฀ ฀S฀D฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀l e  b a s e฀l฀i฀n฀e฀ ฀c o n d i฀t฀i฀o฀n฀;฀ ฀4฀0฀ ฀W ฀t a n฀s i t o n s฀ f฀r o m฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀6฀8฀5฀ 
฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀s฀ ฀(black bars฀)฀.฀ P฀a฀n฀e฀l฀ B  ฀s฀h o w฀s฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀±฀ ฀S฀D฀ ฀f฀o฀r฀ ฀e฀a฀c฀h฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀6฀8฀6฀ 
฀c฀o฀n฀d฀i฀t฀i฀o฀n฀;฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀s฀ ฀i฀n฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀ ฀e฀a฀c฀h฀ ฀f฀r฀o฀m฀ ฀a฀ ฀2฀0฀ ฀W฀ ฀b฀a฀s e฀l i฀n฀e฀ ฀(grey bar฀) .  T฀h฀e฀r฀e฀ w฀e฀r฀e฀ ฀n฀o฀ ฀6฀8฀7฀ 
฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀a฀m฀o฀n฀g฀s฀t฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀(฀p฀>฀0฀.฀0฀5฀)฀.฀ ฀6฀8฀8฀ 
฀ ฀6฀8฀λ฀ 
)LJXUH  ฀T฀h฀e฀ ฀o฀u฀t฀p฀u฀t฀ ฀o฀f฀ ฀a฀ ฀d฀y฀n฀a฀m฀i฀c฀ ฀c฀o฀m฀p฀u฀t฀a฀t฀i฀o฀n฀a฀l฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀ ฀t฀o฀ ฀i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀ t h e  i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o f฀ ฀6฀λ฀0฀ 
฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀o฀n฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀p฀u฀l฀m฀o฀n฀a฀r฀y฀ ฀V%c฀O฀2 p฀ ฀d u r฀i฀n฀g฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀t฀r฀a฀n฀s฀i t i฀o฀n s  i฀n฀ ฀b฀o฀t฀h฀ ฀t฀h฀e฀ ฀6฀λ฀1฀ 
฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀a฀n฀d฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀ne  ฀c o n d i t i฀o฀n s .฀ ฀M o d฀u฀l฀a฀t฀i฀o฀n฀ ฀o฀f฀ Ĳ฀V%c฀O฀2 p  a t  ฀a฀ ฀f i฀x฀e฀d฀ ฀m u s c l฀e฀ Ĳ฀V%cO2  (Ĳ฀V%cO2 m;฀ ฀6฀λ฀2฀ 
฀2฀6฀.฀1฀ ฀s฀)฀ ฀a฀n฀d฀ ฀m฀u฀s฀c฀l฀e฀ Ĳ฀Q%c (Ĳ฀Q%c฀m฀;฀ ฀2฀8฀.฀5฀ ฀s฀)฀ i฀s฀ ฀e฀x฀a฀m฀i฀n฀e฀d฀ ฀f฀o฀r฀ ฀s฀t฀e฀p฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀a฀ ฀2฀0฀ ฀W฀ ฀b฀a฀s฀e฀l฀i฀n฀e t o฀ ฀6฀λ฀3฀ 
฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀∆฀W฀R฀ ฀i฀n฀c฀r฀e฀m฀e฀n฀t฀s฀ ฀(panel A฀)฀ a n฀d฀ ฀f฀o฀r  ∆ 4 0฀W฀ ฀s฀t฀e฀p฀-฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀6฀λ฀4  
฀W฀R฀ ฀(฀W฀R฀b฀s l;฀ panel B฀)฀.฀ Panel C ฀d฀i฀s฀p฀l฀a฀y฀s฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀c฀i฀r฀c฀u฀l฀a฀t฀o฀r฀y฀ ฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀o฀n฀ Ĳ฀V%c฀O฀2 p d u r i n g  ฀6฀λ฀5฀ 
฀s฀i฀m฀u฀l฀a฀t฀e฀d฀ ฀∆฀4฀0฀W฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀Rs฀ ฀a t  ฀v฀a฀r i o u s  Ĳ V%cO2฀m฀ (ci cles฀,฀ 2 0  ฀6฀λ฀6฀ 
฀s฀;฀ triangles฀,฀ ฀3฀0฀ ฀s฀;฀ squares ,  4฀0฀ ฀s฀)฀.฀ ฀T฀h฀e฀ Ĳ฀Q%c฀m฀ ฀v a l฀u฀e฀s฀ ฀u฀s฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀s฀ ฀a฀r฀e฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀d฀a฀t฀a฀ ฀f฀r฀o฀m฀ ฀6฀λ฀7฀ 
฀M฀a฀c฀P฀h฀e฀e฀ ฀e฀t฀ ฀a฀l฀.฀ ฀(฀2฀0฀0฀5฀)฀ ฀w฀h฀o฀ ฀s฀h฀o฀w฀e฀d฀ ฀t฀h฀a฀t฀ ฀Q%cm  d y n a m i c฀s฀ ฀s฀l฀o฀w฀ ฀w฀i฀t฀h฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀e฀l฀e฀v฀a฀t฀e฀d฀ ฀6฀λ฀8฀ 
฀m฀e฀t฀a฀b฀o฀l฀i฀c฀ ฀r฀a฀t฀e฀s฀.฀ ฀N฀o฀t฀e฀ ฀t฀h฀a฀t฀ ฀a฀s฀ Ĳ฀Q%c฀m฀ ฀i฀n฀c r฀e฀a฀s฀e฀s฀ ฀w i฀t฀h  ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀W฀R฀ ฀f฀o฀r฀ ฀e฀a฀c฀h฀ ฀i฀s฀o฀p฀l฀e฀t฀h฀ ฀o฀f฀ ฀6฀λ฀λ฀ 
Ĳ฀V%c฀O฀2฀m,฀ Ĳ฀V%c฀O2฀p ฀b฀e฀c฀o฀m฀e฀s฀ ฀s฀m฀a฀l฀l฀e฀r฀ ฀(฀f฀a฀s฀t฀e฀r฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀)฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀o฀p฀p฀o฀s฀i฀t฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀r฀e฀su l t s  f r฀o฀m  t h e  in vivo ฀7฀0฀0฀ 
฀d฀a฀t฀a฀.฀ ฀S฀e฀e฀ ฀t฀e฀x฀t฀ ฀f฀o฀r฀ ฀f฀u฀rt h e r  e x p฀l฀a฀n฀a฀t฀i฀o฀n฀.฀ ฀7฀0฀1฀ 
฀3฀3฀ 
฀ 
฀ 
฀ ฀7฀0฀2฀ 
)LJXUH  ฀E฀n฀s฀e฀m฀b฀l฀e฀-฀a฀v฀e฀r฀a฀g฀e฀d฀ ฀g฀r฀o฀u฀p฀ ฀m฀e฀a฀n฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀o฀f฀ ฀V%cO฀2฀p f o r  t฀h e฀ ฀∆฀1฀0฀0 W฀ ฀s t e p - t r a฀n s i฀t฀i฀o฀n฀ ฀7฀0฀3฀ 
฀f฀r฀o฀m฀ ฀a฀ ฀2฀0฀ ฀W฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀.฀ ฀V฀e฀r฀t฀i฀c฀a฀l฀ ฀d฀a฀s฀h฀e฀d฀ ฀l฀i฀n฀e฀s฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ t฀h฀e  ฀o n s e t  o f  ฀t฀h e  t฀r฀a n s i฀t฀i฀o฀n฀ ฀(฀t฀i฀m฀e  =  ฀7฀0฀4฀ 
฀0฀ ฀s฀)฀.฀ ฀A฀ ฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀m฀o฀d฀e฀l฀ ฀c฀o฀n฀t฀a฀i฀n฀i฀n฀g฀ ฀s฀i฀x฀ ฀m฀u฀s฀c฀l฀e฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀o฀f฀ ฀e฀q฀u฀a฀l฀ ฀s฀i฀z฀e฀ ฀b฀u฀t฀ ฀v฀a฀r฀y฀i n g฀ ฀V%cO2฀m฀ ฀7฀0฀5฀ 
฀a฀n฀d฀ ฀Q%cm฀ ฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀(Ĳ฀V%c฀O2 m  =฀ ฀1฀5฀,  ฀2฀0฀,฀ ฀2฀5฀,฀ ฀3฀0฀,฀ ฀3฀5฀,฀ ฀4฀0฀ ฀s฀ ฀a฀n฀d฀ Ĳ฀Q%cm  =  2 0 ,  2 5 ,  3 0 ,  3 5 ,฀ ฀4฀0฀,฀ ฀4฀5฀ ฀s฀ ฀f฀o฀r฀ ฀7฀0฀6฀ 
฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀ ฀1฀ ฀–฀ ฀6฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀)฀ ฀w฀a฀s฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀a฀n฀d฀ ฀c฀o฀m฀p฀u฀t฀a฀t฀i฀o฀n฀a฀l฀ ฀s฀i฀m u l a t i฀o฀n s฀ ฀w e r฀e฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀7฀0฀7฀ 
฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀ ฀w฀h฀e฀t฀h฀e฀r฀ ฀t฀h฀e฀ ฀c฀o฀n฀f฀l฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀Q%c฀m฀ d฀y฀n฀a฀m i c s  a m o n฀g฀s฀t฀ ฀c฀o฀m฀p a r฀t฀m฀e฀n฀t฀s฀ ฀m฀a฀y฀ ฀m฀o฀d฀u฀l฀a฀t฀e฀ ฀t฀h฀e฀ ฀7฀0฀8  
฀“฀s฀u฀m฀m฀e฀d฀”฀ ฀(฀o฀r฀ ฀h฀o฀m฀o฀g฀e฀n฀i฀z฀e฀d฀)฀ ฀V%c฀O฀2฀m฀ k i฀n฀e฀t฀i c s  t o w a r d฀s฀ ฀a฀ ฀f฀a฀s฀t฀e฀r฀ Ĳ฀V%cO฀2฀p r e฀ s฀ p฀ o฀ n s e  ฀ i฀ n฀  ฀ a฀  ฀ 1฀ 0฀ 0฀ W฀  ฀ s฀ t฀ e฀ p฀ -฀7฀0฀λ฀ 
฀c฀h฀a฀n฀g฀e฀ ฀f฀r฀o฀m฀ ฀2฀0฀ ฀W฀.฀ ฀A฀s฀s฀u฀m฀i฀n฀g฀ ฀e฀q฀u฀a฀l฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀f฀r฀o฀m฀ ฀e฀a฀c฀h฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n t฀,฀ ฀t฀h฀e฀ ฀r฀e฀s฀u฀l฀t฀a฀n฀t฀ ฀V%cO฀2 p  ฀7฀1฀0฀ 
฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀(black line฀)฀ ฀i฀s฀ ฀o฀v฀e฀r฀l฀a฀i฀d฀ ฀o฀n฀ ฀t฀h฀e฀ in vivo  g฀r฀o฀u฀p฀ ฀m e฀a฀n฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀(white circles ) .฀ ฀T฀h฀e฀ ฀p฀h a฀s฀e฀ ฀I฀I฀ ฀7฀1฀1฀ 
Ĳ฀V%c฀O฀2฀p ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀s฀i฀x฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀ ฀m฀o฀d฀e฀l฀ ฀w฀a฀s฀ ฀2฀3฀.฀5฀ ฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀f฀a฀s฀t e r฀ t฀h฀a฀n  t฀h฀e฀ ฀m฀e฀a n  Ĳ฀V%cO฀2 m  ฀7฀1฀2฀ 
฀o฀f฀ ฀a฀l฀l฀ ฀c฀o฀m฀p฀a฀r฀t฀m฀e฀n฀t฀s฀,฀ ฀2฀7฀.฀5฀ ฀s฀ ฀a฀n฀d฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀t฀o฀ ฀t฀h฀e฀ Ĳ฀V%c฀O2 p฀ ฀m e฀a s u฀r e฀d฀ ฀i n  t h e฀ s t u d y฀ ฀p฀a฀r฀t฀i c i฀p฀a฀n฀t฀s฀ ฀(฀2฀1฀.฀8฀ ฀±฀ ฀7฀1฀3฀ 
฀4฀.฀8฀ ฀s฀)฀.฀ ฀7฀1฀4฀ 
฀  ฀  ฀7฀1฀5฀ 
฀3฀4฀ 
฀ 
7DEOH฀M฀e฀a฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀(฀±฀ ฀S฀D฀)฀ ฀f฀o฀r฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%c฀O฀2 p k i฀n฀e t฀i฀c฀s  ฀d฀u฀r฀i฀n฀g฀ ฀4฀0  ฀W  e x e r c i s฀e฀ ฀t฀r฀a฀n฀s i t i n s฀ f r o m฀ ฀s฀i฀x฀ d i f฀f฀e฀r฀e฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀n e  ฀w฀o฀r฀k฀ ฀r฀a฀t฀e฀s฀ ฀(฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀)฀.฀ 
฀ 
฀ 6WHSWUDQVLWLRQSRZHURXWSXW:฀ 
฀n฀ ฀=฀ ฀1฀4฀ ฀ ĺ ĺ฀ ĺ฀ ĺ฀ ĺ฀ ĺ฀ 
฀V%c฀O฀2฀p฀B฀S฀L฀ ฀(฀ ā฀m฀i฀n฀-฀1฀) *฀ ฀0฀.฀7฀5฀ ฀±฀ ฀0฀.฀0฀7฀ ฀ ฀0฀.฀λ฀3฀ ฀±฀ ฀0฀.฀0฀6฀ ฀ ฀1฀.฀1฀0฀ ฀±฀ ฀0฀.฀0฀7฀ ฀ ฀1฀.฀3฀0฀ ฀±฀ ฀0฀.฀0฀6฀ ฀ ฀1฀.฀4฀8฀ ฀±฀ ฀0฀.฀0฀6฀ ฀ ฀1฀.฀7฀1฀ ฀±฀ ฀0฀.฀0฀8฀ ฀ 
฀A฀ (฀Lā฀m฀i฀n฀-฀1฀)   ฀0฀.฀3฀5฀ ฀±฀ ฀0฀.฀0฀2฀c฀d฀e฀f ฀ ฀0฀.฀3฀7฀ ฀±฀ ฀0฀.฀0฀2฀d฀e฀f 0฀. 3฀λ฀ ฀±฀ ฀0฀.฀0฀2฀a฀f  0 . 4 0  ฀±฀ ฀0฀.฀2฀0฀a฀b  0฀. 4฀1฀ ฀±฀ ฀0฀.฀0฀3฀a฀b  0 . 4 2  ฀±฀ ฀0฀.฀0฀4฀a฀b฀c฀  
฀V%c฀O฀2฀p฀S฀S฀ ( Lā฀m฀i฀n฀-฀1฀) *฀ ฀1฀.฀1฀0฀ ฀±฀ ฀0฀.฀0฀7฀ ฀ ฀1฀.฀3฀0฀ ฀±฀ ฀0฀.฀0฀6฀ ฀ ฀1฀.฀4฀λ฀ ฀±฀ ฀0฀.฀0฀7฀ ฀ ฀1฀.฀7฀0฀ ฀±฀ ฀0฀.฀0฀7฀ ฀ ฀1฀.฀λ฀0฀ ฀±฀ ฀0฀.฀0฀7฀  ฀2฀.฀1฀2฀ ฀±฀ ฀0฀.฀0฀8฀  
฀T฀D฀ ฀(฀s฀)฀ ฀1฀2฀ ฀±฀ ฀6฀ ฀ ฀1฀0฀ ฀±฀ ฀4฀ ฀ ฀7฀ ฀±฀ ฀6฀ ฀ ฀6฀ ฀±฀ ฀6฀ ฀ ฀6฀ ฀±฀ ฀3฀ ฀ ฀7฀ ฀±฀ ฀3฀ ฀ 
Ĳ฀V%c฀O฀2฀p฀ ( s฀)฀ ฀ ฀2฀2฀ ฀±฀ ฀5฀c฀d฀e฀f ฀ 2฀3฀ ฀±฀ ฀5฀d฀e฀f฀ 2฀8฀ ฀±฀ ฀6฀a฀f฀ ฀3฀1฀ ฀±฀ ฀7฀a฀b฀ ฀3฀4฀ ฀±฀ ฀6฀a฀b฀ ฀ ฀3฀5฀ ฀±฀ ฀λ฀a฀b฀c฀ ฀ 
฀C฀I฀λ฀5฀ ( s฀)฀ ฀3฀ ฀±฀ ฀1฀ ฀ ฀3฀ ฀±฀ ฀1฀ ฀3฀ ฀±฀ ฀1฀ ฀4฀ ฀±฀ ฀1฀ ฀4฀ ฀±฀ ฀1฀ ฀4฀ ฀±฀ ฀1฀ 
Ȥ฀2฀ ฀(฀x฀ ฀1฀0฀-฀4฀ ฀)฀ ฀7฀.฀6฀ ฀±฀ ฀4฀.฀2฀ ฀ ฀1฀0฀.฀2฀ ฀±฀ ฀5฀.฀8฀ ฀8฀.฀λ฀ ฀±  ฀3 .฀8฀ ฀1฀2฀.฀2฀ ฀±฀ ฀5฀.฀7฀ ฀1฀1฀.฀3฀ ฀±฀ ฀4฀.฀5฀ ฀1 3 . 6  ฀±฀ ฀4฀. 4฀ 
฀M฀R฀T฀-฀V%cO฀2฀p (฀s฀)฀ ฀3฀4฀ ฀±฀ ฀6฀e฀f฀  3 2฀ ฀±฀ ฀4฀e฀f฀ ฀3฀6฀ ฀±฀ ฀7฀f  ฀ ฀3฀8฀ ฀±฀ ฀6฀ ฀ ฀4฀1฀ ฀±฀ ฀6฀a฀b฀ ฀ ฀4฀5฀ ฀±฀ ฀1฀3฀a฀b฀c  
฀O฀2฀D฀e฀f฀ ฀( m฀L฀)฀ ฀1฀λ฀3฀ ฀±฀ ฀3฀2฀d฀e฀f฀ ฀1 λ 7  ±฀ ฀2฀6฀e฀f฀  ฀2฀3฀3฀ ฀±฀ ฀4฀3฀f฀ ฀ 2 5฀1฀ ฀±฀ ฀4฀7฀a฀f ฀ 2 8฀5฀ ฀±฀ ฀5฀1฀a฀b  ฀3฀1฀λ฀ ฀±฀ ฀1฀1฀5฀a฀b฀c฀d฀ 
฀G฀P฀ ฀(฀m฀Lā฀m฀i฀n฀-฀1W฀-฀1)฀ ฀8฀.฀7฀ ฀±฀ ฀0฀.฀6฀c฀d฀e฀f  ฀λ฀.฀2฀ ฀±฀ ฀0฀.฀5฀d฀e฀f฀ ฀ ฀λ฀.฀7฀ ฀±฀ ฀0฀.฀6฀a฀f 1 0 .฀0฀ ฀±฀ ฀0฀.฀6฀a฀b฀ ฀ 1฀0฀.฀3฀ ฀±฀ ฀0฀.฀8฀a฀b ฀ 1 . 5฀ ฀±฀ ฀0฀.฀λ฀a฀b฀c ฀ 
฀ 
฀a฀-฀f฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀“฀a฀”  i n฀d฀i฀c฀a฀t  d i f f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m  “ĺ ” ,  “฀b฀”฀ i n d i a t e฀s  d i f฀f฀e r e฀n฀c฀e  ฀f฀r฀o฀m  
฀“ĺ฀”฀,฀ ฀a฀n฀d฀ ฀s฀o฀ ฀f฀o฀r฀t฀h฀.฀ ฀ ฀*฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀s฀i฀g฀n฀i฀f i c a n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀a฀m o n฀g฀s฀t฀ ฀al l  o n d฀i t i o฀n฀s  ( p <฀0฀.฀0฀5฀)฀.฀ 
฀3฀5฀ 
฀ 
7DEOH฀M฀e฀a฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀(฀±฀ ฀S฀D฀)฀ ฀f฀o฀r฀ ฀p฀h฀a฀s฀e฀ ฀I฀I฀ ฀V%c฀O฀2 p k i฀n฀e t฀i฀c฀s  ฀d฀u฀r฀i฀n฀g฀ ฀e฀x฀e฀r฀c฀i฀s฀e฀ ฀t฀r฀a฀n฀s฀i฀t฀i o n s  f r o m฀ 2 0 W  t o  f o u฀r฀ ฀d฀i฀f฀f฀e฀r฀e฀nt  w o r k  ฀r฀a฀t฀e฀s฀ ฀(฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀)฀.฀ 
฀ 
฀ 6WHSWUDQVLWLRQSRZHURXWSXW:
฀n฀ ฀=฀ ฀1฀4฀ ĺ ĺ฀ ĺ฀ ĺ฀ 
฀V%c฀O฀2฀p฀B฀S฀L฀ ฀(฀ ā฀m฀i฀n฀-฀1฀)  ฀0฀.฀7฀5฀ ฀±฀ ฀0฀.฀0฀7฀ ฀ ฀0฀.฀7฀5฀ ฀±฀ ฀0฀.฀0฀6฀ ฀ ฀0฀.฀7฀6฀ ฀±฀ ฀0฀.฀0฀6฀ ฀ ฀0฀.฀7฀6฀ ฀±฀ ฀0฀.฀0฀6฀ ฀ 
฀A฀ (฀Lā฀m฀i฀n฀-฀1฀) *฀ ฀0฀.฀3฀5฀ ฀±฀ ฀0฀.฀0฀2฀ ฀ ฀0฀.฀5฀4฀ ฀±฀ ฀0฀.฀0฀2฀ ฀ ฀0฀.฀7฀2฀ ฀±฀ ฀0฀.฀0฀4฀ ฀ ฀0฀.฀λ฀3฀ ฀±฀ ฀0฀.฀0฀4฀ ฀ 
฀V%c฀O฀2฀p฀S฀S฀ ( Lā฀m฀i฀n฀-฀1฀) *฀ ฀1฀.฀1฀0฀ ฀±฀ ฀0฀.฀0฀7฀ ฀ ฀1฀.฀3฀0฀ ฀±฀ ฀0฀.฀0฀6฀ ฀ ฀1฀.฀4฀7฀ ฀±฀ ฀0฀.฀0฀5฀ ฀ ฀1฀.฀6฀8฀ ฀±฀ ฀0฀.฀0฀7฀ ฀ 
฀T฀D฀ ฀(฀s฀)฀ ฀1฀2฀ ฀±฀ ฀6฀ ฀ ฀1฀1฀ ฀±฀ ฀4฀ ฀ ฀1฀2฀ ฀±฀ ฀3฀ ฀ ฀1฀1฀ ฀±฀ ฀3฀ ฀ 
Ĳ฀V%c฀O฀2฀p฀ ( s฀)฀ ฀ ฀2฀2฀ ฀±฀ ฀5฀ ฀ ฀2฀0฀ ฀±฀ ฀4฀ ฀ ฀2฀2฀ ฀±฀ ฀6฀ ฀ ฀2฀2฀ ฀±฀ ฀5฀ ฀ 
฀C฀I฀λ฀5฀ ( s฀)฀ ฀3฀ ฀±฀ ฀1฀ ฀ ฀2฀ ฀±฀ ฀1฀ ฀2฀ ฀±฀ ฀1฀ ฀1฀ ฀±฀ ฀0฀ 
Ȥ฀2฀ ฀(฀x฀ ฀1฀0฀-฀4฀ ฀)฀ ฀7฀.฀6฀ ฀±฀ ฀4฀.฀2฀ ฀ ฀1฀0฀.฀7฀ ฀±฀ ฀5฀.฀3฀ ฀1฀2฀.฀0฀ ฀±฀ ฀5฀.฀5฀ ฀1฀2฀.฀5฀ ฀±฀ ฀4฀.฀5฀ 
฀M฀R฀T฀-฀V%cO฀2฀p (฀s฀)฀ ฀3฀4฀ ฀±฀ ฀6฀ ฀ ฀3฀1฀ ฀±฀ ฀3฀ ฀ ฀3฀3฀ ฀±฀ ฀4฀ ฀ ฀3฀3฀ ฀±฀ ฀5฀ ฀ 
฀O฀2฀D฀e฀f฀ ฀( m฀L฀)฀*฀ ฀1฀λ฀3฀ ฀±฀ ฀3฀2฀ ฀2฀7฀6฀ ฀±฀ ฀2฀6฀ ฀ ฀3฀8฀λ฀ ฀±฀ ฀4฀7฀ ฀ ฀5฀0฀1฀ ฀±฀ ฀7฀3฀ ฀ 
฀G฀P฀ ฀(฀m฀Lā฀m฀i฀n฀-฀1W฀-฀1)฀ ฀8฀.฀7฀ ฀±฀ ฀0฀.฀6฀b฀d฀ ฀ ฀λ฀.฀0฀ ฀±฀ ฀0฀.฀4฀a  ฀ ฀8฀.฀λ฀ ฀±฀ ฀0฀.฀4฀ ฀ ฀λ฀.฀3฀ ฀±฀ ฀0฀.฀4฀a  ฀ 

฀a฀-฀d฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀“฀a฀”  i n฀d฀i฀c฀a฀t  d i f f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m  ฀“ĺ ” ,  “฀b฀”฀ i n d i a t e฀s  d i f฀f฀e r e฀n฀c฀e  ฀f฀r฀o฀m  
฀“ĺ฀”฀,฀ ฀a฀n฀d฀ ฀s฀o฀ ฀f฀o฀r฀t฀h฀.฀ ฀*฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀s฀i฀g฀n฀if i c a n t  d i f f e r e n c e s฀ a฀m฀o฀n฀g฀s฀t฀ ฀a฀ll  o d฀i t i o n฀s  ฀(฀p฀<฀0 .฀0฀5฀)฀.
฀3฀6฀ 
฀ 
7DEOH฀M฀e฀a฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀a฀n฀d฀ ฀c฀o฀n฀fi d e฀n฀c฀e฀ ฀i฀n฀t e฀r v฀a฀l฀ o f  m฀o฀n฀o฀-฀e฀x฀p฀o฀n฀en t i l  ฀f i฀t฀ f  ฀[฀H H b ]  d฀a฀t฀a฀ ฀f฀o฀r฀ ฀e฀a฀c h฀ 4 0 W฀ ฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀ ฀f฀r฀o฀m฀ ฀1฀ 
฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀l฀y฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀b฀a฀s฀el฀i฀n฀e  w o k  r a t e s  ฀(฀m ฀a฀n฀ ฀±฀ ฀S฀D฀)฀ ฀2฀ 
฀ ฀3฀ 
฀ 6WHSWUDQVLWLRQSRZHURXWSXW:
฀ ĺ ĺ฀ ĺ฀ ĺ฀ ĺ฀ ĺ฀ 
฀[฀H฀H฀b฀]b฀s l฀ (฀µ฀M฀)฀ ฀*฀ ฀1฀λ฀.฀2฀ ฀±฀ ฀7฀.฀2฀ ฀ ฀2฀1฀.฀λ฀ ฀±฀ ฀8฀.฀1฀ ฀ ฀2฀2฀.฀3฀ ฀±฀ ฀8฀.฀λ฀ ฀ ฀2฀4฀.฀0฀ ฀±฀ ฀λ฀.฀5฀ ฀ ฀2฀4฀.฀5฀ ฀±฀ ฀1฀0฀.฀6฀ ฀ 7 . 1  ±  1 1 . 5฀ ฀ 
ǻ฀[฀H฀H฀b฀]a฀m฀p  (฀µ฀M฀)฀ ฀ ฀3฀.฀4฀ ฀±฀ ฀2฀.฀6฀ ฀ ฀2฀.฀6฀ ฀±฀ ฀1฀.฀4฀ ฀ ฀2฀.฀6฀ ฀±฀ ฀2฀.฀1฀ ฀ ฀3฀.฀1฀ ฀±฀ ฀2฀.฀8฀ ฀ ฀2฀.฀7฀ ฀±฀ ฀2฀.฀2฀ ฀ ฀3฀.฀0฀ ฀±฀ ฀2฀.฀5฀ ฀ 
฀[฀H฀H฀b฀]฀-฀T฀D฀ ฀(฀s฀)฀ ฀1฀6฀ ฀±฀ ฀4฀e฀f฀ ฀1฀5  ฀±฀ ฀3฀e฀ ฀1 3฀ ฀±฀ ฀4฀ ฀1฀1฀ ฀±฀ ฀5฀ ฀1฀1฀ ฀±฀ ฀4฀a฀ ฀λ฀ ฀±  5฀a฀b฀ 
Ĳ฀[฀H฀H฀b฀] ( s฀)฀ ฀ ฀λ฀ ฀±฀ ฀4฀d฀e฀f฀  ฀1฀1฀ ฀±฀ ฀3฀ ฀ ฀1฀4฀ ฀±฀ ฀7฀ ฀ ฀1฀7฀ ฀±฀ ฀6฀a฀ ฀ ฀1฀8฀ ฀±฀ ฀1฀1฀a฀  ฀1 8฀ ฀±฀ ฀6฀a   
฀M฀R฀T฀-฀[฀H฀H฀b฀]฀ (฀s฀)฀  ฀2฀5฀ ฀±฀ ฀6฀ ฀ ฀2฀6฀ ฀±฀ ฀5฀ ฀ ฀2฀6฀ ฀±฀ ฀6฀ ฀ ฀2฀8฀ ฀±฀ ฀5฀ ฀ ฀2฀λ฀ ฀±฀ ฀λ฀ ฀ ฀2฀8฀ ฀±฀ ฀5฀ ฀ 
฀C฀I฀λ฀5 ฀(฀s฀)฀ ฀1฀ ฀±฀ ฀1฀ ฀2฀ ฀±฀ ฀1฀ ฀ ฀2฀ ฀±฀ ฀1฀ ฀2฀ ฀±฀ ฀1฀ ฀2฀ ฀±฀ ฀1฀ ฀2฀ ฀±฀ ฀1฀ 
฀ ฀4฀ 
฀a฀-฀f฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀“฀a฀”  i n฀d฀i฀c฀a฀t  d i f f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m  “ĺ ” ,  “฀b฀”฀ i n d i a t e฀s  d i f฀f฀e r e฀n฀c฀e  ฀f฀r฀o฀m  ฀5฀ 
฀“ĺ฀”฀,฀ ฀a฀n฀d฀ ฀s฀o฀ ฀f฀o฀r฀t฀h฀.฀ ฀*฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀s฀i฀g฀n฀if i c a n t  d i f f e r e n c e s฀ a฀m฀o฀n฀g฀s฀t฀ ฀a฀ll  o d฀i t i o n฀s  ฀(฀p฀<฀0 .฀0฀5฀)฀.฀ ฀6฀ 
฀7฀ 
฀8฀ 
฀λ฀ 
฀1฀0฀ 
฀1฀1฀ 
฀1฀2฀ 
฀3฀7฀ 
฀ 
7DEOH฀M฀e฀a฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀a฀n฀d฀ ฀c฀o฀n฀fi d e฀n฀c฀e฀ ฀i฀n฀t e฀r v฀a฀l฀ o f  m฀o฀n฀o฀-฀e฀x฀p฀o฀n฀en t i l  ฀f i฀t฀ f  ฀[฀H H b ]  d฀a฀t฀a฀ ฀f฀o฀r฀ ฀e฀a฀c h฀ ∆฀W฀R฀ ฀t฀r฀a฀n s i฀t฀i฀o฀n฀ ฀f฀r฀o฀m฀ ฀a฀ ฀1฀3฀ 
฀c฀o฀n฀s฀t฀a฀n฀t฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀o฀f฀ ฀2฀0฀W฀ ฀(฀m฀e฀a฀n฀ ฀±฀ ฀S฀D฀)฀ ฀1฀4  
฀ ฀1฀5
฀ 6WHSWUDQVLWLRQSRZHURXWSXW:
฀ ĺ ĺ฀ ĺ฀ ĺ฀ 
฀[฀H฀H฀b฀]b฀s l฀ (฀µ฀M฀)฀ ฀1฀λ฀.฀2฀ ฀±฀ ฀7฀.฀2฀ ฀ ฀1฀λ฀.฀8฀ ฀±฀ ฀7฀.฀1฀ ฀ ฀1฀λ฀.฀2฀ ฀±฀ ฀7฀.฀2฀ ฀ ฀1฀λ฀.฀λ฀ ฀±฀ ฀7฀.฀6฀ ฀ 
ǻ฀[฀H฀H฀b฀]a฀m฀p  (฀µ฀M฀)฀ ฀3฀.฀4฀ ฀±฀ ฀2฀.฀6฀ ฀*฀ ฀4฀.฀8฀ ฀±฀ ฀3฀.฀3฀ ฀*฀ ฀6฀.฀3฀ ฀±฀ ฀4฀.฀6฀ ฀*฀ ฀λ฀.฀4฀ ฀±฀ ฀2฀.฀8฀ ฀*฀ 
฀[฀H฀H฀b฀]฀-฀T฀D฀ ฀(฀s฀)฀ ฀1฀6฀ ฀±฀ ฀4฀ ฀ ฀1฀4฀ ฀±฀ ฀3฀ ฀1฀3฀ ฀±฀ ฀2฀ ฀1฀1฀ ฀±฀ ฀3฀ 
Ĳ฀[฀H฀H฀b฀] ( s฀)฀ ฀ ฀λ฀ ฀±฀ ฀4฀ ฀ ฀1฀0฀ ฀±฀ ฀5฀ ฀ ฀8฀ ฀±฀ ฀3฀ ฀8฀ ฀±฀ ฀3฀ ฀ 
฀M฀R฀T฀-฀[฀H฀H฀b฀]฀ (฀s฀)฀  ฀2฀5฀ ฀±฀ ฀6฀ ฀ ฀2฀4฀ ฀±฀ ฀7฀ ฀ ฀2฀0฀ ฀±฀ ฀4฀ ฀2฀0฀ ฀±฀ ฀4฀ ฀ 
฀C฀I฀λ฀5 ฀(฀s฀)฀ ฀1฀ ฀±฀ ฀1฀ ฀1฀ ฀±฀ ฀1฀ ฀ ฀1฀ ฀±฀ ฀1฀ ฀1฀ ฀±฀ ฀0฀ 
฀1฀6฀ 
฀a฀-฀d฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀(฀p฀<฀0฀.฀0฀5฀)฀.฀ ฀“฀a฀”  i n฀d฀i฀c฀a฀t  d i f f฀e฀r฀e฀n฀c฀e฀ ฀f฀r฀o฀m  ฀“ĺ ” ,  “฀b฀”฀ i n d i a t e฀s  d i f฀f฀e r e฀n฀c฀e  ฀f฀r฀o฀m  ฀1฀7฀ 
฀“ĺ฀”฀,฀ ฀a฀n฀d฀ ฀s฀o฀ ฀f฀o฀r฀t฀h฀.฀ ฀*฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀s฀i฀g฀n฀if i c a n t  d i f f e r e n c e s฀ a฀m฀o฀n฀g฀s฀t฀ ฀a฀ll  o d฀i t i o n฀s  ฀(฀p฀<฀0 .฀0฀5฀)฀.฀ ฀1฀8  
฀ ฀1฀λ
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